e 4

A=
U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

PB-282 071

Assessment of Industrial Hazardous Waste
Practices, Rubber and Plastics Industry
Plastic Materials and Synthetics Industry

Foster D. Snell, Inc, Florham Park, N.J.

Prepared for

Environmental Protection Agency, Washington, D.C.

Mar 78

'DEPARTMENT OF DEFENSE
v‘PLAsTlCS TECHNICAL EVALUATION CENTER

‘ARRADCOM, DOVER, N, J. 07801

T T AT e e
DVLG GUALITY mmescigm

~

“HinTh &
”.gl;grov"«d 105 puone release]

Distribution Unlimited




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE
COPY FURNISHED TO DTIC
CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO
NOT REPRODUCE LEGIBLY.




PB 282 071

ASSESSMENT OF INDUSTRIAL HAZARDOUS WASTE PRACTICES,
RUBBER AND PLASTICS INDUSTRY

Plastic Materials and Synthetics Industry

This report (SW-163c.2) describee work performed
for the Offwe of Solid Waste under contract no. 68-01- 3194
and 18 reproduced as received from the comtractor.
The findings should be attributed to the comtractor
and not to the Office of Solid Waste.

U.S. ENVIRONMENTAL PROTECTION AGENCY
| 1978

REPRODUCED 8Y

NATIONAL TECHNICAI. i

~ INFORMATION SERVICE ,

U. S. DEPARTMENT OF COMMERCE
SPRINGFIELD, VA, 22161




TECHNICAL REPORT DATA
(Pleose read Insiructions on the reverse before completing)

1. REPORT NO. 2. . RE .

EPR-530.54). |{22~, c 2/ 3

4. TITLE AND SUBTITLE : ; .MREPFORT DATE

‘ . March 1978
- Assessment of Industrial Hazardous Waste ﬁ PERFORMING ORGANIZATION CODE

Practices, Rubber & Plastics Industry ~

7. AUTHOR(S) ' _PERFORMING ORGANIZATION REPORT NO.
Joel M. Kushnir and Stephen F. Nagy'

_PERFORM'NG ORGANIZATION NAME AND ADDRESS 10. PROUGRAM ELEMENT NO.

Foster D. Snell, Inc.

17T CONTRACT/GRANT NG
Hanover Road . .

Florham Park, NJ 07932 68-01-3194

12. SPONSORING AGENCY NAME AND ADDRESS 13 TYPE OF REPORT AND PERIOD COVERED
Final; 4/75 - 4/76

- EPA Office of Solid Waste Management Programs

14. SPONSORING AGENCY CODE
Hazardous Waste Management Division :

401 M Street, S.W.
Washinaton, D,.C, 20460
Reproduced from
» best available copy.
16. ABSTRACT — g g

15. SUPPLEMENTARY NOTES

.This industry study is one of a series under the Office of Solid Waste
Management Program of the Hazardous Waste Management Division, U.S. Environmental
Protection Agency. The report concentrates on the rubber and plastics industry.
It characterizes these industries in terms of number, location, size and age of
plants, products, processes, etc.; identifies and quantifies those wastes which are
oxr may be generated by these industries; describes current practices for treatment
and disposal of potentially hazardous wastes; determines the control technologies
which might be 'applied to reduce hazards presented by these wastes upon disposal;
and estimates the cost of control technology implementatiocns.’

The information presented in the report was acquired from a review of published
information; trade association participation; personal contacts; visits to various
plants and corporate offices of germane companies; waste sample analysis; and the

' application of an econometric model to project waste loads for 1977 and 1983.

£

.- R ' : KEY WORDS AND DOCUMENT ANALYS!S
o:scmr'rons b.IDENTIFIERS/OPEN ENDED TERMS [c. COSATI Field/Group

.Control Costs SOlld Wastes Chemical Treatment

Hazardous Wastes Waste Generation Hazard Potential

Industrial Wastes Factors Incineration

Plastics Industry | Land Filling

Residues _ Lagoohing

Rubber Industry Resin Manufacture

Sludges Stream Separation

: Toxicity
18. DISTRIBUTION STATEMENT v 8. SECURITY CLASS /This Report, 21.
) Unclassified .
20. SECURITY CLASS (This page] 22. PRICE )
Unclassified Al — Ao/

EPA Form 2220-1 (9-73) ' p




19960229 015

UNABLE TO GET MISSING PAGES 11-45 & 11-46
FROM ENVIRONMENTAL PROTECTION AGENCY
OR NATIONAL TECHNICAL INFORMATION
SERVICE (NTIS)

MARCH 27, 1996



~PORTIONS OF THIS REPORT ARE NOT LEGIBLE.
HOWEVER, IT IS THE BEST REPRODUCTION
AVAILABLE FROM THE COPY SENT TO NTIS

V-0




This report was prepared by Foster D. Snell, Inc., Florham Park,
New Jersey, under Contract No. 69-01-3194.

PubTication does not signify that the contents necessarily reflect the
views and policies of the U.S. Environmental Protection Agency, nor
does mention of commercial products constitute endorsement by the

U.S. Government.

An environmental protection publication (SW-163c.2) in the solid waste
management series.

n




ACKNOWLEDGEMENTS

The preparation of this report was accomplished through
the efforts of the staff of Foster D. Snell, Inc., a subsidiary
of Booz-.Allen & Hamilton Inc., Florham Park, New Jersey.

Mr. Matthew A. Straus, Staff Engineer, Hazardous Waste
Management Division, was EPA Project Officer for the study.
His assistance, leadership, careful review and advice made an
invaluable contribution to the preparation of this final
report.

Appreciation is extended to the following trade associations
for assistance and cooperation in this program:

. Rubber Manufacturers Association

. International Institute of Synthetic
Rubber Producers

. Manufacturing Chemists Association
. Textile Economics Bureau
. Society of the Plastics Industry
Appreciation is also extended to the many rubber products
manufacturers, plastic resin, synthetic rubber and fiber
producing companies, who cannot be mentioned by name due to
reasons of confidentiality, without whose assistance this

report could not have been written.

Acknowledgement is also made of state and Federal agencies
who gave invaluable assistance and cooperation in this program.




Section

1.

TABLE OF CONTENTS

CHAPTER II -- PLASTIC MATERIALS AND SYNTHETICS

INDUSTRY -- SIC 282

Introduction And General Description Of The
Plastic Materials And Synthetics Industry

In 1972, SIC 282 Industries Employed Over 160
Workers And Produced Approximately $10 Billion
In Shipments

Many Of The Production Units In This Industry
Are Part Of Large Plant Complexes

Polymerization And Spinning Are The Two Major
Operations In SIC 282 Used For The Manufacture

Of Their Products

There Are Eight Major Classes Of Ingredients
Which Are Used In The Manufacture Of Polymers
And Manmade Fibers

Products Produced By SIC 282 Are Critical In The
U.S. Economy

Wastes Generated By SIC 282 Establishments Are
Generally Produced Directly As a Result Of The
Unit Operations

A significant Portion Of The Wastes Generated
By SIC 282 May Be Potentially Hazardous

Charaterization Of The Plastics Materials And
Synthetics Industry

Structure Of The Plastics Materials And Resins
Industry, SIC 2821

Structure Of The Synthetic Rubber (Vulcanized
Elastomer) Industry, SIC 2822

Structure Of The Manmade Fiber Industry, SIC
2823 And 2824

iv

II-2

IT-4

II-4

II-5

II-5

II-8

II-10

II-11

IT-13

II-30

I1-49




Section

3.

3.1

3.2

TABLE OF CONTENTS

Process Descriptions And Waste Stream Identi-
fication For The Plastics Materials And
Synthetics Industry, SIC 282

Introduction

Detailed Process Descriptions

Waste Characterization For The Plastic
Materials And Synthetics Industry

Waste Stream Characterization In Polymerization
Operations

Waste Stream Characterization In Spinning
Operations

Potentially Hazardous Waste Streams And Th
Criteria For Their Classification ‘

Waste Quantification For The Years 1974, 1977
and 1983 (Plastic Materials And Synthetics
Industry)

Treatment And Disposal Technology For Poten-
tially Hazardous Wastes In The Plastic Materials
And Synthetics Industry, Sic 282

Treatment And Disposal In SIC 282

Treatment And Disposal In SIC 282 By Hazardous
Waste Type

Treatment And Disposal Technology Levels As
Applied To Potentially Hazardous Wastes
Produced By The Plastic Materials and Syn-
thetics Industry, SIC 282 -

Cost Analysis For The Treatment And Disposal
Of Potentially Hazardous Wastes In The Plastic
Materials And Synthetics Industry, SIC 282

Cost Elehents And Treatment Of Costs

Page

II-66

II-67
I1-72

II-125

II-125

II-135

II-137

II-145

II-165

II-166

TI-169

II-174

II-182

I1-183




Section

6.

2

- TABLE OF CONTENTS

Page
Case Study Of Potentially Hazardous Waste II-185
Treatment And Disposal Costs
Costs Of Disposal Of Potentially Hazardous I1-202

Wastes Affecting The Various Segments Of The
Plastics Materials And Synthetics Industry,
SIC 282

vi




- , L LIST OF TABLES

CHAPTER II -- PLASTIC MATERIALS AND SYNTHETICS
INDUSTRY, SIC 282

Table Page
Ir-1 1972 Structure Of The Plastic Materials I1-3
And Synthetics Industry, SIC 282 ‘
II-2 Major Classes Of Ingredients Used In The ' II-6
Manufacture Of Polymers And Manmade Fibers

II-3 Consumption Of Products Produced In I1-7
SIC 2821

I1-4 Estimated Product Volume Of Principal II-12

Products Of The Plastic Materials And
Synthetics Industry, SIC 282 (1974)

II-5 . Geographic Distribution Of Production II-15
" Units And Capacities In SIC 2821,
Plastics Materials And Resins

II-6 Estimated 1974 Geographic Distribution Of II-23
Plants And Employment In SIC 2821

I1-7 Production Unit Size Distribution By I1-22
Employment SIC 2821 (National Basis)

I1I-8 Estimated 1974 Geographic Distribution Of IT-25
Total Production Units And Total Production, ‘
SIC 2821

I1-9 Geographic Distribution Of Production In I1-26

.SIC 2821, Plastic Materials And Resins

II-10 Summary Of Geographic Distribution Of I1-32
Production Units And Estimated 1974
Production, SIC 2822

II-11 Estimated 1974 Geographic Distribution Of IT-33
Synthetic Rubber Production

IT-12 Estimated 1974 Geographic Distribution Of II-39
Employment In SIC 2822

II-13 Production Unit Size Distribution By II-40
Employment, SIC 2822 (National Basis) :

vii




o
LIST OF TABLES

Table Page

II-14 Estimated Plant Age Distribution Of Styrene- IT-41
Butadiene Synthetic Rubber Production Units

II-15 Estimated Plant Age Distribution Of Poly- II-42
butadiene Production Units

II-16 Estimated Plant Age Distribution Of II-43
Acrylonitrile-Butadiene Synthetic Rubber
Production Units

I1-17 Estimated Plant Age Distribution of Neoprene ITI-44
Production Units ,

II-18 Estimated Plant Age Distribution Of Butyl I1-45
Rubber Production Units

II-19 Estimated Plant Age Distribution of Ethylene- II-46
Propylene Elastomer Production Units

II-20 Estimated Plant Age Distribution Of Isoprene IT-47
Elastomer Production Units

I11-21 Total Estimated Plant Age Distribution Of I1-48
Production Units For Major Synthetic Rubbers,
SIC 2822

I1-22 Estimated 1974 Geographic Distribution Of I1-52
Production Units And Employment--SICs 2823
And 2824

II-23 Estimated 1974 Geographic Distribution Of II-53
Plant Age, Cellulosic Manmade Fibers,
SIC 2823

I1-24 Estimated 1974 Geographic Distribution Of Plant II-55
Age Of Non-Cellulosic Synthetic Fibers, SIC 2824

I1-25 Summary Of Ages Of Production Units, SIC 2824 II-54

II-26 Estimated 1974 Geographic Distribution Of Plant II-56

Age, Synthetic Fibers--SIC 2824, Nylon And
Aramid

viii




II-27

IT-28

II-29

II-30

II-32

II-33
II-34
II-35
II-36

- II-37

II-38

Table

I11-31"

LIST OF TABLES

Estimated 1974
Age, Synthetic
Cellulosic

Estimated 1974
Age, Synthetic

Estimated 1974
Age, Synthetic
And Vinyon

Estimated 1974
Age, Synthetic
Modacrylic

Estimated 1974

Cellulosic Fiber Production--SIC 2823 (KKKg/yr.)

Estimated 1974

Geographic Distribution Of Plant
Fibers-~SIC 2824, Other Non-

Geographic Distribution Of Plant
Fibers--SIC 2824, Polyester
Geographic Distribution Of Plant
Fibers--SIC 2824, Polyoclefins

Geographic Distribution Of Plant
Fibers--SIC 2824, Acrylic and

Geographic Distribution Of

Geographic Distribution Of

Non-Celluosic Fiber Capacities--SIC 2824

(KKKg/yr.)

Estimated 1974

Geographic Distribution Of Non-

Cellulosic Fiber Capacities--SIC 2824 (KKKg/yr.

Estimated 1974

Geographic Distribution of Non-

Cellulosic Fiber Production--SIC 2824 (KKKg/yr.

Summary Of Production Elements In The Plastics
Resins Industry--SIC 2821

Summary Of Production Elements In The Synthetic
Rubber Industry--SIC 2822

Estimated Waste Factors Associated With The
Production of Olefinic Polymers As A Result
Of Total Production--SIC 2822

Synoptic Description of Spinning Process

ix

Page
II-57
II-58

II-59
II-60

II-62

II-63

II-64
II-65
II—69”
II-70

II-74

II-119




Table

I1-39

II-40

II-41

II-42

II-43

II-44

II-45

II-46

I1-47

II-48

II-49

II-50

II-51

LIST OF TABLES ‘

Summéry of Waste Factors In the Spinning
Operations As A Percent Of Total Production--
SIC 2823 And 2824

Estimated 1974 Geographic Distribution Of
Wastes For The Major Polymerization Operations
Of The Plastic Materials And Synthetics
Industry--SIC 282 (Wet Basis) (KKg/yr.)

Estimated 1974 Geographic Distribution Of
Wastes For The Spinning Operations Of The
Plastic Materials And Synthetics Industry-~
SIC 282 (Wet Basis) (KKg/yr.)

Total Estimated Wastes For The Plastic Materials
And Synthetics Industry--SIC 282 (Wet Basis)
(KKg/yr.)

Product Shipments In Producer Prices For The
Plastic Materials And Synthetics Industry--
SIC 282

Projected Average Growth Rate Over 1974

Estimated Total Wastes For 1974, 1977 And
1983 (KKg/yr.)

Compilation Of The Reported Waste Factors In
The Polymerization Operations In The Manufac-
ture Of Plastics And Manmade Fiber -- SIC 282

Compilation Of The Reported Waste Factors In
The Spinning Operations In The Manufacture Of
Manmade Fibers -- SICs 2823 And 2824

Estimated Total Potentially Hazardous Wastes
For 1974, 1977 and 1983 (KKg/yr.)

Treatment And Disposal Technologies For Liquid
Phenolic Wastes--SIC 2821

" Treatment And'Disposal Technologies For Solid/

Semi-solid Phenolic Waste

Treatment And pisposal Technologies For Still
Bottoms (Aromatics, Aliphatics, Chlorinated,
Etc.) 1In All SIC 282 Producing Such Waste
Streams

IT-146

II-155

II-157

II-159

II-160

II-160

II-162

II-164

IT-161

II-176

I1-177

II-178




Table

II-52
II-53

II-54

II-55

II-56

II-57
II-58

II-59

II-60
II761

I1-62

LIST OF TABLES

Treatment And Disposal Technologies For
Off-Grade Product In Amino Resin Production--
SIC 2821

Treatment And Disposal Technologies For Waste
Catalyst Stream In Polyester Production--SIC
2821

Treatment And Disposal Technologies For Zinc
Oxide Sludges From Wastewater Treatment In
Cellulosic And Acrylic Fiber Production--SIC
282

Phenolics Production: Typical Plant Disposal
Costs For Potentially Hazardous Liquid Wastes--
SIC 2821

Incineration Costs 1In Phenolics Production

Phenolics Production: Typical Plant Disposal
Costs For Potentially Hazardous Solid And
Semi-solid Wastes--SIC 2821

Styrene Butadiene Rubber: Typical Plant Disposal
Costs For Potentially Hazardous Still Bottoms--
SIC 2821 ‘

Polystyrene: Typical Plant Disposal Costs For
Potentially Hazardous Still Bottoms--SIC 2821

ABS-SAN Resins: Typical Plant Disposal Costs
For Potentially Hazardous Still Bottoms-~

SIC 2821

Polypropylene: Typical Plant Disposal Costs For
Potentially Hazardous Still Bottoms--SICs 2821
And 2824

Polybutadiene: Typical Plant Disposal Costs For
Potentially Hazardous Still Bottoms--SIC 2823

X1

II-180

IT-181

I1-187

I1-188

II-189

II-191

I1-192

II-193

II-195

II-196




Table

II-63

II-64

II-65

II-66

II-67

II-68

II-69

II-70

I1-71

II-72

LIST OF TABLES

Level I Disposal Costs In Rayon Production

Level II Operating Costs For Zinc Recovery
Unit In Rayon Production

Level II Disposal Costs In Rayon Production

Rayon: ‘Typical Plant Disposal Costs For Zinc
Contaminated Sludge--SIC 2823

Level I Dispgsal Costs In Acrylic And Modacrylic
Production

Level II Total Zinc Recovery Costs In Acrylic
And Modacrylic Production

Acrylic And Modacrylic: Typical Plant Disposal
Costs For Zinc Contaminated Sludge--SIC 2824

Yearly Expenditures For Potentially Hazardous
Waste Disposal In the Major Segments Of The
Plastic Materials And Synthetics Industry By
T/D Level--SIC 282

Percent Of Production Value Allocated To Treat-
ment And Disposal Of Potentially Hazardous
Waste In the Plastic Materials And Synthetics
Industry--SIC 282

Synopsis Of The Findings On Treatment/Disposal

Methods And Costs For The Plastic Materials And
Synthetics Industry--SIC 282

xii

II-202

II-203

II-204

IT-205

II-206




Figure
I1I-1

I1-2

II-7
II-8
II-9
II-10
II-11
II-12
II-13
II-14
II-15
II-16
I1-17
II-18
II-19

II-20

LIST OF FLOW DIAGRAMS

Generalized Processing
Emulsion/Suspension Polymerization

Bulk Or Mass Polymerization

Solution Polymerization, Phillips Process
Solution Polymerization, Ziegler Process
Particle Form Polymerization

Acrylic And Modacrylic

Nylon 6 (Polyamide)

Nylon 6, 6 (Polyamide)

Polyester Resin

Phenolic Resin

Amino Formaldehyde

Coumarone-Indene (Thermal And Solvent Process)

Epoxy Resin (Continuous Process)

‘Alkyd Resin (Solvent And Dry Processes)

Polyurethane

Silicone Productsv
Viscose Rayon

Cellulose Acetate Resin

Spinning Process

Xiii

1I-82
I1I-85 -
II-87
I1-90
I1-92
II-93
I1I-95
11—§8
I1I-99
I1I-102
II-104
II-107
I1I-108
II-111
II-114
II-116

IT-118




‘ II. PLASTIC MATERIALS AND SYNTHETICS
- INDUSTRY -- SIC 282

This chapter characterizes and discusses the industry
structure, the manufacturing processes, the total wastes
generated and their treatment and disposal technologies and
the associated costs for the potentially hazardous wastes
identified for 'the Plastic Materials and Synthetics Industry,
SIC 282.

The chapter's contents are presented as follows:

SECTION 1 -- INTRODUCTION AND GENERAL
DESCRIPTION OF THE PLASTIC MATERIALS
AND SYNTHETICS INDUSTRY

SECTION 2 -- CHARACTERIZATION OF THE
PLASTIC MATERIALS AND SYNTHETICS
INDUSTRY, SIC 282

SECTION 3 -- PROCESS DESCRIPTIONS, WASTE
'STREAM IDENTIFICATION AND WASTE CHAR-
ACTERIZATION AND QUANTIFICATION, SIC 282

SECTION 4 =-- TREATMENT AND DISPOSAL
TECHNOLOGY FOR POTENTIALLY HAZARDOUS
WASTES GENERATED BY THE PLASTIC
MATERIALS AND SYNTHETICS INDUSTRY,
SIC 282

SECTION 5 -- COST ANALYSIS FOR THE TREAT-
MENT AND DISPOSAL OF POTENTIALLY
HAZARDOUS WASTES, SIC 282.

All tables and figures follow the text immediately after
they are discussed. ' ‘
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INTRODUCTION AND GENERAL DESCRIPTION OF THE PLASTIC
MATERIALS AND SYNTHETICS INDUSTRY

The following industry segments are included within
SIC 282:

Plastic Materials and Resing - SIC 2821
Synthetic Rubber SIC 2822
Cellulosic Man-Made Fibers SIC 2823
Organic Fibers, Non-Cellulosic _SIC 2824.

Tables and figures discussed, follow in the section's
text.

1.1 In 1972, SIC 282 Industries Employed Over 160
Workers And Produced Approximately $10 Billion
In Shipments

Table II-1 shows the number of employees, value
added, value of shipments, and approximate number of
establishments and companies for the plastic materials
and synthetics industry in 1972. It also presents the
relative importance of each of the SIC 282 segments in
terms of employment and value added. The ‘table is based
on the 1972 Census of Manufacturers and indicates:

These industries have approximately 462 estab-
lishments with 70% within SIC 2821. Similarly,
of the 289 companies reporting in SIC 282,

66% are classified in SIC 2821.

In terms of value added by manufacturers and
value of industry shipments, SIC 2821 is also
most important.

Only in terms of all employees is SIC 2824
the largest. : :
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1.2 Many Of The Productlon Units In This Industry Are
Part Of Large Plant Complexes’

The Census Bureau classifies or segments industries
in terms of establishments. This technique does not in
many instances represent the proper method for reporting
for the purposes of this study. This is due to the fact
that establishments as reported in the Census may be
manufacturing several classes of products both within
and outside the scope of this study. This situation is
the rule rather than the exception for the major plastic
materials, synthetic rubbers and spinning establishments
classified within SIC 282.

Foster D. Snell, Inc., therefore, identified the
the number of production units within the establishments
or plant complexes producing materials classified in
each of the four industry segments of SIC 282. For the
purposes of the study 1ndustry structure and waste
‘quantification are reported in terms of production units
so that a more realistic picture of SIC 282 could be
provided.

A consequence of this approach is that a greater
number of production units are reported in each four.
‘digit SIC by Snell than establishments as reported by
the Census.

1;3 PolymerizationvAnd Spinning Are The Two Major
: Operations In SIC 282 Used For The Manufacture Of
Their Products

, Polymerlzatlon is the chemical reaction whereby
repeating units of one or more molecular species are
combined to form a large molecule. While this process
-can take several forms, e.g., solution, suspension,
emulsion, etc., it is basic to the manufacture of all.
products in thlS industry.

Splnnlng operations are 51gn1f1cantly different
from the polymerization process in terms of equlpment
and type of physico-chemical changes occurring in the
product formation. Fundamentally, this process is the
extrusion of a polymer through a spinneret elther in
solution or as a melt to form a fiber.

I1-4
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fl;4 'There Are Efght Major Classes Of Ingredients Which
. .Are Used In The Manufacture Of Polymers And .
Man-Made Fibers

"~ The eight méjor classes of ingredients are presented
in Table II-2 along with a discussion of their purpose
in the manufacture of products in this industry.

~ 'These classes may be divided into two functional
groups: : :

. . The first group includes the monomers, cata-
lysts or initiators and carrier fluids which
-are the basic feed requirements (raw materials)
for polymer production.

Modifiers, plasticizers, chemical additives,
dyes and pigments and processing chemicals
constitute the second group. These substances
are -used to alter the physico-chemical proper-
ties of the product so that they may be further
processed.

The fact that there are two general groups of
ingredients should not be construed as implying a two
step operation in most cases. For instance, in SIC 2822
carbon black and plasticizers are added to the reaction
mixture at the polymerization step, thus producing a
"master batched rubber". ' :

1.5 Products Produced By SIC 282 Are Critical In The
U.S. Economy ' _

This industry produces materials which are broadly
dispersed throughout the U.S. economy and are used in
the subsequent production of a variety of items.

II-5




II.

II.

V.

VI.

VII.

var.

Source: Foster D. Snell, Inc.

Monomers

Catalysts and

Initiators

Carrier Fluids

Modifiers

Plasticizers

Chemical Additives

Dyes and Pigments

Processing Chemicals

TABLE 1I-2

MA{IOR CLASSES OF INGREDIENTS
U#ED IN THE MANUFACTURE OF
POL:YMERS AND MAN-MADE FIBERS

SIC 282

i The building blocks of the resins or
. elastomers. Some monomers are
; treated by addition of small amounts

of inhibitors to prevent autopolymer-
ization in storage.

These chemicals are introduced to
start the polymerization process and
to accelerate the reaction.

These fluids may be water or organic
solvents added to reduce the viscos-
ity during polymerization and to
improve the heat transfer.

Chemicals which are incorporated in
the basic polymer chains so as to mod-
ify the physical properties (e.g.,
rigidity or tenacity) of the product.

Chemicals which are mixed with the
polymers, but are not chemically
incorporated. Their purpose is to
make the polymer more pliable.

These are materials which are added
to the polymer to modify the chem~
ical properties of the product. ‘For
example, this may include antioxi-
dants and photodesensitizers. ’

-These may include organic as well

as inorganic compounds. The dyes
are dissolved in the polymer while

‘the pigments are physically dis-

persed in the mass. Their purpose
is to mask or impart color to the
polymer.

These chemicals are used to control
pH conditions or other physico-

.chemical parameters of the aqueous

streams used in both the polymeriza-
tion and spinning processes.
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For example, the following table demonstrates the
pattern of consumption of one of the industry segments--
Plastics and Resins (SIC 2821) for 1970. (Source:
Modern Plastics, July 1973, and Foster D. Snell, Inc.
estimates).

Table II-3 ~-- Consumption Of Products
Produced In SIC 2821

Present Consumption of

Market Plastics in 1970
Building and construction 243
Packaging 27
Transportation . 10
Electric/electronics 9
Furniture 4
Houséwares 5
Appliances 3
Other 18

Total: 100%

In fact, the "other" category demonstrates the
wide distribution. This category includes toys, textile
and paper treating, agriculture, marine craft, signs,
shoes and phonograph records.

Other SIC 282 products are similarly widely
dispersed. 1Indeed the products of SIC 2824 constitute
over 90% of all apparel worn in this country.




1.6 Wastes Generated By SIC 282 Establishments Are
Generally Produced Directly As A Result Of The
Unit Operations

Figure II-1, presents a generalized prccessing
flow diagram. The following steps or unit operations
are common to many processes within the industry:

. Monomer (s) storage

. Monomer preparation (1)

. Monomer (s) feeding to the reactor
. Carrier feeding to the reactor (2)
. Catalyst feeding to the reactor

. Reaction

. Monomer (s) recovery

. Carrier recovery(lg

. Catalyst removal or recovery (1)

. Polymer processing.

Waste streams generated by these unit operations

include:
. Inhibitor removal from monomer preparation
" Still bottoms from monomer and carrier
recovery
. Catalyst wastes from catalyst removal or
recovery

Off grade polymer or fiber product from
production upsets which may occur at the
reaction or polymer steps

Sludges from on-site wastewater treatment
facilities.

In addition to these waste streams, others are
generated by spillage in warehousing or storage areas,
the action of particulate emission control equipment,
lubricating oil changes and the discarding of defective
packaging materials.

Notes: (1) Where required.
(2) Except for bulk processes.

II-8




i

*3IX93 8yl urt pes
‘Sessadoad ay3 jyo 1Te ut Ieadde j0u op

sour ‘{r°usg .Q.kumOh :9danog
—_— s

SNOSTp aae soadij ssaooxd usamiaq seodusisiIrqg’

SSUTT pe3jop Aq psjusssadex suorjerado 3ITUn

:930N

WWIDVYIA MOTd SNISSADOUG dIZITVIANITD

“T-II IWNOI4A

IONaodd FAWYO 440 AJ INIWAINGT
TOJLNOD NOISSIWA
ONISSID0Nd , >
HIWATOd ALVINDIINYA

ﬂ

ISTATIIND aisvm €=  MIIACOTM 6O

| TYAOWAY LSATVIVD

b o= = — - _ LSKTVIYD

| TYAOKTY LSATVIND | aEmIIAODTY :
SWOLLOE TIILS €= = ~ = ﬁ !
- L
| I 7N 2 | 3
_ - mam -_ e -— - - ey —
_ SWOLIO® TTILS AII._ ﬂ . 0
| KIIAODT | 2
A5VIOLS YAWONOW OL TTWONOW I
[
| LONaodd IAYEO Eo‘.’.l- | :
_ — Q3zd I
_ a1 NOILOVTH LSATYLYD |
Ed 3K J |
I
-— -— —_— —— -— L] -
: .ql a3zd .r L a3ad _
L 7 monon = 1 aionon _
[ . ' MOLIETHNI . AOVIOLS J
: _ EM.E LSATYIYD

IOVHO0LS
HITIYO

-——-Jd____,

dOVHOLS .
¢ ¥IWONOW '

— . ) L— 1 NOILVdVamid i

L L umonon

dOVI0oLs
T dIWONOW




1.7 A significant Portion Of The Wastes Generated By
SIC 282 May Be Potentially Hazardous

Inhibitor wastes generated by monomer preparation,
still bottoms from monomer and carrier recovery and off
grade polymer may in certain cases contain organic
materials which may be toxic or highly flammable.

Catalyst wastes from catalyst removal or recovery
and sludges from on-site wastewater treatment facilities
may contain metal ions such as tin, zinc, cadmium and
nickel. These metals are considered to be toxic.

The potentially hazardous nature of these wastes
varies with the product. Individual waste streams
generated by the processes studied are characterized,
on a case by case basis, in terms of their potential
hazard in Section 4 of this chapter.
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2.

CHARACTERIZATION OF THE PLASTIC MATERIALS AND SYNTHETICS
INDUSTRY ,

Tables D-1 through D-4 in Appendix D present a detailed

definition of each of the four industry segments of SIC 282.

Table II-4 lists the principal products of SIC 282 in

the order of decreasing importance in terms of estimated 1974
production volumes. The following conclusions may be drawn
from the table:

The total 1974 estimate of production
volumes for SIC 282 was on the order
of 30,000 KKKg.

The greatest production in terms of

weight was in SIC 2821 and 2824 with

these industries accounting for

approximately 85% of all production
~in SIC 282.

SICs 2822 and 2823 only accounted for
approximately 15% of the production

in the plastic materials and synthetics
industry. ~

There are twenty-one important polymer
types or classes produced by SIC 282
establishments. The first eight,
polyesters, polyamides, polyethylene,
vinyl resins, styrenes, polypropylene,
acrylics and SBR account for over 85%
of the total production by weight in
SIC 282. 1In fact the first three
account for over 50% of the production.

The remainder of this section details the industry

structure by four digit SIC for each of the segments of the
pPlastic materials and synthetics industry as follows:

Sub-Section 2.1 -- SIC 2821, Plastics
Materials and Resins.

Sub-Section 2.2 -~ sIC 2822, Synthetic
Rubber.

Sub~-Section 2.3 -- SIC 2823, Cellulosic

Man-Made Fibers.

Sub-Section 2.4 -- SIC 2824, Organic
Fibers, Non-Cellulosic.

II-11
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2.1 Structure Of The Plastics Materials And Resins
Industry, SIC 2821

For this industry in 1972, value added by manufac-
turer was $2,160.5 million according to the 1973 Census
of Manufacturers, while value of shipments was $4,478.2
million. There were over 54,000 employees working in
SIC 2821 in 1972. ‘

The products of this industry (i.e., polyethylene,
polyvinyl chloride, etc.) are used throughout the U.s.
eéconomy with over 50% of production going into building
and construction and packaging materials.

There are literally thousands of resin types
produced by this industry. For the purposes of this
study, the report focuses on those resins which are
responsible for over 95% of the industrial production.
These resins are:

High and low density polyethylene
Polyvinyl chloride
Polyvinyl acetate
ABS-SAN
Polystyrene
Polypropylene
. Phenolics and other tar acid resins
. Polyesters
. Amino resins
Alkyds
Acrylics
Coumarone-Indene and petroleum resins
. Polyurethanes
. Cellulosic
' Epoxy
Polyamides.

Appendix A presents the detailed methodology used

in developing the data presented in the tables for this
industry.

II-13




2.1.1 Geographic Distribution Of Plants And
Their Capacities In SIC 2821

Table II-5 presents the geographic distri-
bution of production units and their capacities for
this industry segment.

Our survey has found that there are
approximately 816 production units

within SIC 2821. This value differs

from the value of 323 establishments
given in the 1972 Census of Manufacturers.
It is felt that this discrepancy is due
to the fact that while the study team

is counting the number of sites where

a particular resin is manufactured, the
Census is, in reality, counting the
number of plant complexes where several
resins may be produced. For the purposes
of the report, the study team's method

of counting is more applicable because

it provides a more realistic overview

of the geographic distribution.

The highest concentration of production
units and capacity is in the Atlantic
states including New Jersey, New York

and Pennsylvania, the Gulf Coast states
such as Louisianna and Texas plus the
states of Ohio, Michigan, Kentucky and
California. 1In general, these are the
locations of production sites for
petroleum based chemicals required by

the industry for its production processes.

Of the resins produced in SIC 2821, the greatest
capacity exists for polyethylene manufacture with a
total of 4,305 KKKg/yr., followed by polyvinyl
chloride at 2,982 KKKg/yr. and polystyrene with a
capacity for 1,935 KKKg/yr. Lower capacity exists
for such products as epoxy resins at 136 KKKg/yr.
and for polyamides at about 52 KKKg/yr.

IT-14




High Density

TABLE II-5 (1)

GEOGRAPHIC DISTRIBUTION OF
PRODUCTION UNITS AND CAPACITIES
IN SIC 2821, PLASTICS MATERIALS

’ AND RESINS

Low Density

Polyethylene Polyethyleng
Number Number
Production Capacity  Production Capacity
. Units KKKg/yr Units __ KKKg/yr__
v Alabama
X Alaska
X Arizona —
Vi Arkansas
IX California 1 55
VIII  Colorado
1 Connecticut R
] Delaware
v Florida -
iv Georgia _
IX Hawaii
X Idaho - '
Vv 1llinois 2 339~
v Indiana 1 110
Vli _ lowa - 1 77 1 145
vl Kansas
v Kentuckyv
Vi Louisiana 2 260 3 537
1 Maine
11 Maryland
1 Massachusetts
v Michigan
v Minnesota 5
v Mississippi
V1 Missouri
VIII  'Montana
VIl Nebraska
IX Nevada
1 New Hampshire e s
1 New Jergey B
VJ.__._,{".E“' Mex:co e
1 New York e —-h__—__‘_
n Nortk Caroiina
VII 'North Dakota
\ Ohio
VI Oklahoma
X Oregon
111 Pennsylvania
1 Rhode Island
v Snuth Carolina
VIO South Dakota
wv Tennessee
)2 Texas 10 990 12 1792
VIII  Utah
] Vermont
1 Virginia
X___ Washington .
11 West Virpinia
vV Wisconsin R
VIII  Wyoming - . e
et e
TOTAL 13 T 5 2978
Region I
m )
e
: v
. v 3 449
V1 12 1250 15 2329
Vil 1 77 1 145
VIII
X 1 55
X

Source: Foster D. Snell, Inc. analysis of data from:

(a8) Systems Analysis of Air Pollutant Emissions from the Chemical/

.~ Plastics Industry, U.S. Environmental Protection Agency,
Environmental Protection Technology Series EPA 650/2-74-106,
October, 1974, :
“Supply Status", Modern Plastics, Vol. 52, No. 1, January, 1975
1974 Final Monthly Statistical Report Plastic & Resin Materials,’
SPI etc., SPI Committee on Resin Statistics as compiled by
Ernst & Ernst. ~
"Plastics & Resins®, Chemical B

Research Institute YA o
II-15%

(b)
(c)

() ic Handbook, Stanford




TABLE 11-5 (2)

PVC PVAC PVA
Number Number Number

Production Capacity  Production Capacity Production Capacity
Units KKKg/yr . .Units KKKg/yr Units KKKg/yr

v Alabama ) 1 . 4

X Aiaska

[X Arizona

v Arkansas . :

IX California 2 123 [ 13 . \
VIO _Colorado

! Connecticut

it Delaware 2 250 .

n Florida _ 1 . 55 1 . 2

v Georgia

IN Hawail

X Idaho .

v [1linois 2 140 3 .. 18

v Ind:ana

\L lowa

LIt Kansas 1 2 :

Ja¥ Kentuckv 2 125 3 18 Bl 14
VI Lou:s:ana 4 357

1 Maine .

al Marvland : 1 91 1 1

1 Massachusetts 4 242 [ . 29 2 §8
v Michigan . .

Vv Minnesota

v Mississippi
VI Missouri
VIl Montana -
VI Nebraska

IX Nevada
1 New Hampshire
11 New Jersey 4 300 [ Al

New Mex:co

i 2 135 1 4
IV 1 2 . L i
VI Neris Dakota g .- . ) i
v ohid 4 353 -2 12 : ‘
Vv Jk.dhoma 1 100
N Oregon ) .
i Pernsvivan:a 1 91
l Ahode Isiand 1 50
A Souih Carolina
VIO ~ South Dakota
iV Tennessee .
V] Texas 3 425 . B 1 46
VIl Utah :
1 Vermont ) !
914 Virginia )
X Washington - 1 2
i West Virginia 3 145 . 2 8
vV WisConsin j
TOTAL 37 2982 . 31 149 & 128 . g
Region 1 5 292 4 29 2 68
T [ 3 _435 [ 38
191 7 §77 3 9
v 3 18 [: 26 1 14
v . 6 49, 5 30
v 8 88 L 1 46
VI 1 2
Vil
X 2 123 _ 5 13
X 1 2

F/C = Polyvinyl Chloride P"AC = Polyvinyl Acetate PVA = Polyvinyl Alcohol

Zturce: Foster D. Snell, Inc. analysis of data from:

(At  Svstems Analysis of Air Foeilutant Emissions from the Chemical’
Flasrive Indastry, U.S. Envirdnmental Protection Agency,
Environmental Protection Technology Series EPA 650/2-74-106,
October, 1974,

(b)- “"Supply Status", Modern Plastics, Vol. 52, No. 1, January, 1975

(c) - 1974 Final Monthly Statistical Report Plastic & Resin Materials,
SPI etc., SPI Committee on Resin Statistics as compiled by
Ernst & Ernst. . " X

(4) "Plastics & Resins", Chemical Economic Handbook, Stanford Research

Institute
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. —————
TABLE II-z5 (s
ABS-SAN Polystvrene
Number : Number
Product:on Cspacity Production Capac:ty
Units KKKg/yr Units KKKg vr
v Alabama -
X Alaska .
IX Arizona _ e
Vi Arkansas
IX California 1 ] 6 315
VID _ Colorado
1 Connecticut 1 30 2 125 _
ol Delaware
\Y Florida _
v Georgia —_—
X Hawai
X " ldaho '
\Y% Illinojs 2 114 § 360
\4 Indiana B
vl lowa
vi Kansas
- Kentucky 1 14
Vi Louisiana 2 91
1 Maine _
ol Maryland
1 Massachusetts 8 395
v Michigan 1 48 1 80
v Minnesota
v Mississipp:
Vil Missouri 1 80
VIII'  Montans
Vil Nebraska
IX Nevada
1 New Hampshire o
11 New Jersey 1 1€ -
Vi New Mexico
n New York .
n North Carolina T 'H
VIl North Dakota
Vv Ohio 1 123 6 473
V1. .Oklahoma
X Oregon I
m Penncsylvan:a . ' .
1.~ Rbhode Island
n South Carolina
: VIR  South Dakots
v Tennessee
VI . Texas 1 90
VIII  Utah
i _Vermont
m Virginia
X Washington
11 West Virginia 1 118 R
v Wisconsin
VID _Wyoming
TOTAL on 564 33 1633
Region 1 1 30 10 520
)] 1 16 )
1 1 118
v 1 14 1 15
\ 4 285 12 915
V1 2 91 1 80
v 1 80
vij
X 1 ] 6 315 .
X

—
ABS-S5AN = AcryloniLrile-Buudiene-Styrene Resins and Styrene-Acrylonitrile

Source: Foster D. Snell, 1Inc. analysis of data from:

: (a) Systems Analysis of Air Pollutant Emissions from the Cheracal
Plastics Industry, LU.S. Environmenta} Protectior Agency,
Environmental Protection Technology Series EPA €50/2-74-106,

October, 1974,

{b)  "Supply Status®, Modern Plastics, Vol. 52, No, 1, January, 1975

¥ ——="1 _Faastics,
(¢} 1974 Final Monthly Statistical Report Plastic & Resin Materiails,
SPI etc.

¢+ SP1 Committee on Resin S

Ernst & Ernst,

tatistics as compilea by

(d) “Plastics & Resins", Chemical Economic Handbook, Stanford

Research Institute
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TABLE I1-3 47

Phenolics and Other

Polvpropvlene Tar Acid Res:ns
Production | Capacity Production Capacity
Units __ KKKg’'yr Units _ KKKg/yr
n Aishama - 1 12
X . Alaska N
X Arizona
Vi “Arkansas
IX " Californ:a . 8 53
VIl Coiorado -
I Connect:cut 1 4
11 Deiaware 1 115
I Florida ; ' 1 4
iV Georgia
IX Hawaij
X Idaho
v [il:nois 1 L] ;
v Ind:ana __
Vil fowa .
Vi 1 12 :
he
Vvl 1 315
1
a1
1 2 32
v 1 12
v
he
i
Vi 1 2 o
vl
IX
1
1 v Jersey ) o1 123 5 30 _
Vi New Mexieo -
I N=w York: | 102 —
IV - Norin Cz 3 29
VI
Y 3 157
N
S 5 38 .
M
;
i
i
I
Vi - 385 i 49
VI
i
11
X 2 18
11 1 73
v : 2 36
VIO Wyoming
TOTAL 11 1215 46 576
Reg:ion 1 3 36
T 1 125 g 152
it 2 190
6 45 _
7 169
4 19
1 12
1 2
8 .
7 .56

Iriorions from o whe Chersioal)
rntal Frotection Agency,
Tethnolagy Series EPA €350.°2-74-1026,

22, No. 1, Jan.ary, i37S
Flastic § Pesin Materials,
istics as compiled by

L&

Trost & Er

(d) "Plastics 'G.;);;sins", Shemical £scnomi boo!
Research Institute 18 Hand R Stantord

TI-1 Reproduced from
1I-18 bgftr available copy. 9




TABLE 11-5

(%)

Polyestars Amino Resins“) Alkyds“’
Number ' Number Number
Productian Capacity Production Productior
Units KKKg/yr Units Units
v Alabama 3 1
X Alaska
X Arizona
vt -Arkansas 1 23 2
X California 18 140 13 30
VIl . Colorado 2
1 Connecticut 1 11 1
m Delaware 1 11 2 1
IV _: Fiorida 6 87 2 4
v Georpgia 3 3
X Hawaii
X Idaho
\ lllinois i 3. 7 10 23
\ Indiana 2 21 1
v Iowa 2
v Kansas
v Kentucky 1 S 2 S
VI Louisiana 1 10 1
1 Maine 1
m Maryland 1 5
1 Massachusetts 5 5
\4 Michigan 8§ 57 3 ]
\ Minnesota 2
v Mississippi 1
VIO Missouri 3 42 1 7
VIO Montana : 1
VIl Nebraska
x Nevada 2
1. New Hampshire 2
n New Jersey 5 44 18 26
VI New Mexico
o New York K| 15 ) : 8 g
IV North Carolina 2 15 14
VIO ‘North Dakota .
v Ohio 11 £B 12 13
V1 Okiahoma 1 14 3
X Oregon - 1 2 12 2.
-1 Pennsy!vania C 8 18 19 17
! Rhode Island 7
v South Carolina 2 28 5 1
VIO South Dakota
v Tennessee 3 35 1 1
V1 . Texas 3 27 8 10
VIO Utah 1
I Vermont
118 Virginia . 3
X Washington 1 13 [
a1 ‘West Virginia
V. Wisconsin 1 16 8 3
VID Wyoming
- TOTAL 81 725 164 178
Region 1 1 1 16 5
- )3 ¥ 59 73 35
a1 (] 47 17 18
v 14 168 31 15
! \ 23 169 33 51
Vi 6 74 11 10
J v 3 42 1 9
Vil 1 3
X 18 140 13 30
X 2 15 18 2

: {1) Capacities not available for these resins.

Source: Foster D. Snell, Inc. analysis of data from:
) (a) Systems Analysis of Air Pollutant Emissions from the Chemical ’

Plastics Industry, U.S. Environmental Protection Agency,

Environmentai Protection Technology Series EPA 650,2-74-106,

October, 1974.

(b)  "Supply Status®™, Modern Plastics, Vol. 52, No. 1, January, 1975
(¢) 1974 Final Monthly Statistical Report Plastic & Resin Materials,

SPI etc., SPI Committee on Resin Statistics as compiled by

Ernst & Ernst,

(4) “Plastics & Resins®, Chemical Economic Handbook, Stanford

. ? SS2082 SCOonNoRlC Fancbook,
Research Institute
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TABLE 11-5 . (6)

Coumarone-Indene '

and
Acrylics Petroleum Resins Po!vuruxhanes(“
Number Number Numrber
Production Capacity Production Production
units KKKg/yr .Units Units
v Alabama 1 1
X Alaska :
X . Arizona -
. VI . Arkansas
IX California 2 28
VIO Colorado ) 1
I ~  Connecticut O
ol Delaware 2
Y Florida — ——
v Georgia i
IX Hawaii
X ldaho
\ 11linois ) 3 16
v Indiana 1
VIl lowa 2
VIl Kansas _
v Kentuckv 1 2 _ 1
VI Louisiana 1 9] 2
1 Maine
b Maryland X
1 Massachusetts 1 9
) Michigan : : . . 4
v Minnesota . —— 2
v Mississippi K)
vil Missouri : et m 4
VIIl Montana
VII  Nebraska
IX  Nevada i
I New Hampshire ) — 1
It New Jerszey . : 1 12
VI New Mexico I
I New York : : ' T
v North Carolina o i
VI  North Dakota . .
v Qhio 12 :
VI . Oklahoma L : ] B P
X - Oregon 5 ) '
133 Pennsyivania 4 : 11
I Rhode Island :
v South Carolina
VIO South Dakota
v Tennessee
Vi Texas 4 337 2 S
VIII  Utah
] Vermont
i Virginia
X Washington 2 X
1 ‘West Virginia 1 32 1 R
\Y Wisconsin 3
VIO  Wyoming
TOTAL 7 462 20 : 133
"Region 1 1 12
T 1 20
113 1 32 5 18
v . 1 2 4 3 .
\4 ! 3 38
VI 5 428 4 5
vil [
VII - 1
IX : 2 28
X i
(1) Capacities not available for these resins.
Source: Foster D. Snell, Inc. analysis of data from:
{a) Systems Analysis of Air Pollutant Emissions from the Chemical’/ ;
: Plastics Industry, U.S. Environmental Protection Agency, :
Environmental Protection Technology Series EPA 650/2-74-106,
October, 1974. .
(b) "Supply Status", Modern Plastics, Vol. 52, No. 1, January, 1975
(¢} 1974 Final Monthly Statistical Report Plastic & Resin Materials,
SPI etc., SPI Committee on Resin Statistics as compiled by
Ernst & Ernst, .
(d) “Plastics & Resins", Chemical Economic Handbook, Stanford
Research Institute II‘20 )
i
i




TABLE 11-5 (7)

Cellulosic
Resins (1) Epoxy Resins Polyamides
Number Number Number
. Production Production Capacity Production Capacity
- _Lnits Units KKKg/yr Units KKKg'yr
IV Alabama ]
X . Alaska '
X Arizona ~
V1 Arkansas
X California
VID _ Colorado
I ' Connecticut
g Delaware -
n Florida- . . 1 11
v Georgia
. "IX__* Hawau
X __ "ldaho '
\ Ill:nois
vV Indiana
VIl lowa
- VIl Kansas .
v Kentucky 1 16 2 8§
VI . Louisiana
I Maine
o Maryland .1
1 Massachusetts 1 1 £ 1 - D.a
v Michigan
Vv M:nnesota
v Mississippi
Vil Missour:
VIl ~ Mortana
VIl Nebraska
IX Nevada :
I . New Hampstire 1 2
1] New Jersey 5 a 45 -
Vi New Mexico
I New York
v North Carolina
VIO North Dakota
Vv Ohio 1 B
VI Ok!ahoma
X ‘Oregon
III -~ Pennsylvania : 1 1
1 Rhode Island
v South Carolina
VIO _South Dakota
v Tennessee 1 1 1
Vi Texas : 2 63 1 n.a.
VI _Utah :
[ Vermont )
11 Virginia ) . 1 7
X Washington i
194 West Virginia 1 12
Vv Wisconsin :
VIiOD _ Wyoming
TOTAL 8 8 136 10 62+
Region I 1 1 6 2 2+
1T [ 3 45
11 1 3 40
v 1 1 16 4 20
\ 1 8
A4 2 63 1 n.a
v
Vi
' X
X

(1) Capacities not available for these resins.
Source Foster D. Snell, Inc. analysis of data from
(a) Systems Analyss of Alr Pollutant Emissions from the Chemical Plastics Indu L.s,
Environmental Protection ‘Agency, Environmental Protection Technology Series EPA
550 2-74-106, October, 1974, i : i s - Q,‘
(5) “Supply Starus', Modem Plasdes, vol, 52, No. 1, January, 1975
{cy 1374 Final \1omh12' Stanstucal Repont Plastic & Resin Matenials, SP[ etc, . SP1 Commirtee on
Resin Statistics as complled by Emst & Ermst,
. (dy Plastes & Resing®, Chemical Economic Handbook, Stanford Research Instirure




2.1.2 Geographic Distribution Of Employment

Table II-6 presents the estimated 1974

geographlc distribution of employment as a function
of the number of production units. Information is
presented as an aggregate for the entire SIC 2821

- since employement figures related to each of the
resins was not avallable.

There was a total of 56,450 employees’
estimated to be working in the industry

on an average of approximately 70 employees
per production unit.

Employment was concentrated in the same
manner as production units and capacity
discussed under 2.1.1. '

The following data provides an estimate of produc-
tion unit size distribution by employment on a
national basis for SIC 2821 as a whole.

Table II-7 -- Production Unit Size Distribution By

Number of
Production
Units

“Employment, SIC 2821 (National Basis)

. 10- 20~ 50- 100- 250- 500- 1,000~ 2,500
1-4 5-9 19 49 99 249 499 999 2,499 or more

816

38 38 76 232 139 167 66 35 20 5

From the above information, it can be seen
that the greatest number of production units (232)
have between 20-49 employees and account for 28% of"
the industry. Most of the production units (66%)
are in the size range between 20-249 employees.
Only 3% of the production units have 1,000 employees
or more. Nineteen percent have fewer than 20

employees.
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TABLE II-6

ESTIMATED 1974 GEOGRAPHIC DISTRIBUTION
OF PLANTS AND EMPLOYMENT IN

SIC 2821

Total Number of :

Production Units Employment
v Alabama 8§ 50
X Alaska
1X Arizona
VI - Arkansas 100 )
IX California 114 2200 .
VIl Coloradn 3 50 ' [
i Cohnecticut 7 1800 !
m Delaware 9 . 800 ) o |
V" Florida 16 200 o o
IV Georgia ' 7 200 ;
IX  Hawaij 2 N.A. : ;
X Idaho - P
v 1llinois _ 70 4500 P
v Indiana 8 1800 :
VII__ lowa [ 350 o
VII_ ' Kansas : 2 350 I
IV__ Kentucky 10 2550 ) |
VI . Louisiana 17 . 4@3\ - }
I Matne 4 : . — . i
Il Maryland 12 200 T
1 Massachusetts i 43 . 5900 i ) ) : :
v Michizan 22 —28% 00000 ' f
v Minnesota bi 750 : !
i Mississippi 4 . 50 :
VIl Missouri 16 200 .
VI Montana 2 . N.A . L
VIl Nebraska . ) T
IX Nevada
1 New Hampshire 4 200 ;
I - New Jersey 87 __530p ' |

VI New Mexice

I - New York 31 2000 e
n North Caroiina 22 ) 350

VIl North Dakota
v Ohio 85 4500 —_—
VI Oklakoma 2 150

X Oregon 22 100 :

I Pennsyivania ) 46 5300

! Rhode Island 8 100

v South Carolina 8 200

VIO South Dakota

IV_ Tennessee ) 7 1800
vr Texas 73 4250
VIl  CUtah 1 ;

N.A
1. Vermont
m Virginia 4 100
X Washington . 12 100
Il West Virginia 12 4250 o
v Wisconsin 17 750
vio. Wyoming
TOTAL ' 816 56.450
Region 1 64 8000
) . T 48 7300 -
________ ] 83 11,250
: . v 92 5400 -
\ 186 14.850
VI 95 6300
v 24 900
vl [ 50
X 114 2200
X 34 200

Source: Snel] update of data from the 1972 Census of Manufacturers, U.§.
Department of Commerce, Publication MC-72(2)-28B.
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2.1.3 Distribution Of Plant Age

Distribution of plant age is not provided
for SIC 2821 due to the inavailability of data.
Most of the production units, however, were first
constructed after the Second World War with many of
the major ones being built in the late 1950's and
early 1960's.

2.1.4 Geographic Distribution Of Production
Volumes

: Table II-8 is a summary of the geographic
- distribution of production volume by production
unit for SIC 2821 as an aggregate for 1974.

. Table II-9 présents the geographic distri-
bution of the estimated production volume of the
sixteen major SIC 2821 resins listed in Section 2.1.

From these tables, the following conclusions
can be drawn:

Over 12,000 KKKg of resins were estimated to
have been produced in 1974 by SIC 2821 pro
duction units. :

The general concentration of production
. units and production was identical with
that for capacities as shown in Table II-6.

For the entire SIC 2921 industry segment an
average of approximately 15 KKKg of material was
produced by each production unit in 1974. This
value reflects the fact that there are many units
producing only a small amount of resin. This is
particularly valid for the phenolics, alkyd and
polyurethane resins.

On the average, over 80% of the production
capacity for SIC 2821 was utilized in 1974. For
example, of the high volume resins:

. Polyethylene was being producedvat 93%
of capacity

. Polysﬁyrene was at 95% of Capacity

. Polypropylene at about 84% of capacity

. Polyvinyl chloride was being produced at

75% of capacity.
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ESTIMATED 1974 GEOGRAPHIC DISTRIBUTION OF ;

TABLE lI-8

TOTAL PRODUCTION UNITS AND TOTAL

PRODUCTION, SIG 2821

i

Source: Foster D. Snell. Inc.

Total
Total Number of Production
: Production Units (KKKg.'yr) .
v Alabama 8 .28.4 o
X Alaska .
IX ' Arizona :
VI Arkansas 3 18.0
X California 114 696 .9
VIO  Colorado 3 4.4
I Connecticut 7 154 .4
o1 Delaware 9 296.8
v Florida 16 117.0
w Georgia 7 12.4
X Hawan ' ' )
X ldaho
v Illinois 70 945.2
v Indiana 8 119 .4
vl lowa’ 6 212.8
vil Kansas 2 13.0
v Kentucky 20 149.4
VI Louisiana 17 1.430.0
1 Maine 1 2.0 —
oI Maryland 12 g1.2 :
1 Massachusetts 43 €63.3
Vv Michigan 22 173 .6
v Minnesota 4 4.8
v Mississippt 4 24 0
VIl Missouri 16 1iZ.6
VI Montana 2 1.0
Vil Nebraska
IX Nevada
I New Hampshire 4 7.4
I1 New Jersey 87 610.1
Vi New Mex:co .
I New York 31 246 .7
v North Carolina 22 _86 0 e
VI North Dakota
v Ohio 65 1,033.7
Vi Oklahoma 2 82.0
X Oregon 22 73.8
11 Pennsylvania 46 173 3
1 Rhode Island 9 53 4
v South Carolina 8 29 ¢
VI South Dakota
v Tennessee 7 36.0
VI Texas 73 3.916.90
. VI Utah 1 2.0
T Vermont
Virginia 4 13.0
"X Washington 12 - 40.8
ur West Virginia 12 317.8
v Wisconsin 17 72.2
vIin Wyoming
TOTAL 816 12.078
~ Region 1 64 881.7
T 118 856 .8
11 83. 892 1
v 92 483.2 _
v 186 2.353.9
VI 95 5.447.0
vho 24 341.4
VI 6 10.4
X 114 696.9
X 34 114.6
L a5
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TABLE I1-9 (1)
GEOGRAPHIC DISTRIBUTION OF

PRODUCTION IN SIC 2821. PLASTIC
MATERIALS AND RESINS

Production == KKKg/yr

Hppe ‘! Lppe'l! © pvc!V pPvacf?)  pyalil

v Alabama
X Alaska
IX _Arizona
VI Arkansas
IX _ Califocnia 50 1
Vil . Colorado
1 Connecticut
m Delaware 188
v Florida 41
v Georgia
X Hawaii
X Idaho
\Y [llinois 310 104
\ Indiana 100
VII___lowa 75 133
VIl - "Kansas
v Kentuckv 93 7
VI Louisiana 254 491 265
1 Maine )
a1 Maryland - 68
1 Massachusetts 180 35
Vv Michigan
v Minnesota
v Mississippi
VII  Missouri
VIII _Montana
VII _ Nebraska
1X Nevada
i -New Hampshire
‘1 “New Jersey 223 "
Vi New Mexico
-1 New York 100
n Ncrth Caroiina .
VIl North Dakota
v Ohio 260
VI Okiahoma 74
X -Oregon
il Pennsylvania 68
N 1 Rhode Island 37
IV South Carolina
VIID  South Dakota
v Tennessee
Vi Texas 965 1,640 31§ 23
VIII  Ctah .
] Vermont
1 Virginia
-X Washington
I West Virginia 107
Vv Wisconsin :
Vil "~ Wyoming
TOTAL 1,294 2,724 2,212 65
. Region 1 217 ‘ 35
1T 323
1 429 _
v . 134 ?
\% 410 364
Vi 1,219 2,131 654 23
vi 75 133
VIII
x 50 91
X

HOPE = High Density Polyethylene PVAC = Polyvinyl Acetate
LDPE = Low Density Polyethylene PVA = Polyvinyl Alcohol
PYZ = Pciyvinyl Chloride

Notes:

(1)

(2)

Production fi
Report, Plast

compiled by E
capacaity.

Production da
expressed in

gqures based on data from the 1974 Final Monthly Statistical “ 'w
ic § Resin Materials, SPI Cormittee on Resin Statistics as
rnst § Ernst, March 21, 1975, and pro rated according to ' .

ta is nct comparable to that of other resins as it is
terms of the monomer.
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TABLE 1-9 (2)

Production -- KFKg/vr

Phenolics
and
Other Tar
‘ABS-S.—\.\‘(” Polystyrene!!) Polypropylene'” Acid Resins(lJ
n Alabama 13

X Alaska . _ ot
IX Arizona ’ :
Vi Arkansas - : - , : f

IX  Califorria 7 300 58 . , i Do
VIII _ Colorado
I Connecticut 23 119 i
I Delaware 97
n Fiorida ] .
IV - Georgia - ) . ,' [
IN.. . Hawaii " ) R
X Idaho : - o
v Ilinois . 83 343 3 :
v Indiana i
Vil lowa
v Kansas 13
I Kertucky 11 : - i
Vi Loulsiana 22 : 266
I Maine -~
n Maryland
I Massachusetts 378 34
v Mich:gan 37 26 13
v Minnesota i
v Misszissippi
Vil Missouri - 18
VI Montana ’ 2
VIl Nebraska :
1X Nevada .
i New Hampshire
11 New Jersey 12 105 53
‘Al New Mexico
11 New York 108
n- North Carolina 14 ; .
VI Nor:h Dakota
Y Ohio 96 454 124
VI _ 'Okiahcma
X Oregon a0
" NI Penasylvania i R .
1 ‘Rhode Island ]
n South Carolina

CII South Dakota
v Tennessee

VI Texas . L. 494 &9
VIl Utah i

1 Y ermont

M Virginia

X Washington : 19
I WestVirginia 93 63

Y Wisconsin ) 38
ViD  Wyoming :

TOTAL: 440 1.844 1.026 610
Region 1 23 495 ) 38
; Mt i2 IO 151
11 93 i 160
v 11 14 48
M 222 873 179
vi 72 8 760 52 : ;
v 76 13 : ‘
VI 2
X 7 300 - 58
X 59

AB3-ZAN = Acrylonitrile-Butadiene~Styrene Resins and Styrene-Acrylonitrile

Notes: .

{1)  Productisn figures based on data from the 1774 Final Menthly Statistical
Report, Plastic & Resin Maserials, SPI Committee on Resin Statistics as
compiled Dy Zrnst § Ernst, March 21, 1975, and pro rated according to
capacity, '




TABLE II-a ()

Production =-- KKKag/vr

(2}

«(3)

Coumarone-
Indene
and
mino 2 Petroleum
Polyesters'!) Resins (2} Alkyds' Acrylics®)  Resins (2)
v Alabama 7 2 7
X Alaska '
IX Arizona
Vi Arkansas 13 5 .
IX California 82 31 52 15
VIII  Colorado 4
1 Connecticut [ 2
m Delaware [ 5 2
v Florida 51 5 7
v Georgia 7 S
IX Hawaii
X {daho
v 11linois 4 23 40 22
Vv Indiana 12 7 :
vl lowa []
Vi Kansas
I . Kentucky 3 5 9 1 -
Vi Louisiana [X 2 59 15
1 Maine 2 R
m Maryland 2 L]
1 Massachusetts 5 9 Vi
v Michigan 33 i 11
\4 Minnesota : 4
v Mississippi 2 ‘22
Vil Missouri 24 2 12
VIl  Montana 2 .
VII  Nebraska
1X Nevada
1 New Hampshire 5
1 New Jersey 25 42 =48 v
V1 New Mexico )
11 New York 8 12 16
v North Carolina 8 33 .
VIl North Dakota
Vv Ohio 39 28 23
VI Oklahoma .8
X Qregon 1 28 4
41 Pennsyivania 20 28 23 31
1 Rhode Island 168
n South Carolina 15 12 2
VIO _ South Dakota .
v Tennessee 20 2 2 .
Vl _ Texas 15 19 17 220 15
VIIl _ Utah 2
| V' ermont
111 Virginia 7
X ____Washington 7 14 — .
11 West Virginia 21 . 7
v Wisconsin 8 19 5
Vil -Wyoming
TOTAL 415 377 317 301 148
Region 1 6 30 9 7
1T 33 54 62 7
111 26 40 34 21 38
v 97 73 27 1 29
v 97 77 90 22
VI 42 26 17 279 30
v 24 2 16
VIII 2 8
X 82 31 52 15
X 8 42 4 .
(1) - Production figures based on -data from the 1974 Final MYonthly Statistical

Report, Plastic & Resin Materials, SPI Committee on Resin Statistics as

capacity,

Production figures based on

compiled by Ernst & Ernst, March 2

1, 1975, and pro rated according to

data from System Analysis of Air Pollutant

Emissions from the Chemical/Plastics Industry, U.S. Environmental

Protection Technology series EPA 650/234-106, October, 1974, and
Pro rated according to production unit distribution.

Data from above but pro rated by capacity,

II1-28
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TABLE -9 (4)

Production -- KKKg/yr

Poly- Cellulosic Epoxy

urethanes Resins () Resins‘”?olyamides'z]
1\% Alabama 0.4
X Alaska
1X Arizona _
V1 Arkansas .
X Californ:a 10.9
VIl  Colorado 0.4
I Connecticut 0.4
1 Delaware 0.8
v Florida : g
v Georgia 0.4
IX Hawaii A
X Idaho
v Illinois 6.2
v Indiana 0.4
VIi lowa 0.8
vil Kansas
v Kentucky 0.4 13 7
Vi Louisiana
1 Maine
a1 Maryland 1.2 11
1 Massachusetts 3.5 11 5 n.a.
v Michigan 1.6
Vv Minnesota 0.8
n Mis3issippl
Vil Missouri 1.6
VIII  Montana
Vil Nebrasxka
IX Nevada .
! New Hampshire 0.4 2
11 New Jersey 5.1 54 37
Vi New Mexico
{1 New York ' 2.7
w Nerth Carolina
VIl North Dakota
v Ohio 4.7 2
V] Oklzhoma )
X QOregon 0.8 :
11 Pennsvivania 4.3 1
I Rhode lsland 0.4
v South Carolina
VIO  South Dakota
v Tennessee 11 1.
VI Texas . 2.0 . 53 n-a
VIII  Utah
Vermont
11 Virginia . 8
X Washington 0.8 :
11 West Virginia 0.8 28
v W.sconsin 1.2
VID Wyoming
TOTAL 53 87 113 52+
Rugion I 47 11 5 2+
T 7.8 54 37
—— W 2.1 1 .aa
— _ v 1.2 1 13 17
- e Y 14.9 5 . -
_______ _ Vi 2.0 83 n.a
v 2.4
Vil 0.4
12,8 10.9
X 1.6
Netes: .
(1) Production fijures based on data from System Analysis of Air Pollutant
Emissions from the Chemical/Plastics Industry, U.S. Environmental Protection
Agency, Environmental Protection Technology series EPA 650/2~74-106,
October, 1974, and pro rated according to production unit distribution.
(2}

Production figures based on data from the 1974 Final Monthly Statistical

Report, Plastic s Resin Materials, SPI Committee on Resin Statistics as
compiled by Ernst & Ernst, March 21, 1975, and pro rated according to
capacity,




For typical lower volume re51hs, the
following are estimates of capacity utlllzatlon for
1974: v

o« ABS/SAN ~-- 78%
. Polyesters =-- 57%
" Acrylics -- 65%

Epoxy -- 83%

2.2 Structure Of The Synthetic Rubber (Vulcanizable
Elastomers) Industry, SIC 2822

For this industry in 1972, value added by manufac-
turers was $491.7 million according to the 1972 Census
of Manufacturers, while value of shipments was $1,089.4.
There were over 11,000 employees working in SIC 2822 in
1972,

The products of this industry are principally used

in five segments of the U.S. economy: new tire production,

tire retreading, molded rubber goods, footwear and ad-

hesives. In 1973 about 65% of synthetic rubber production

went into the production of new tires.

There are . approximately 50 different types or
classes of synthetic rubber or vulcanizable elastomers.
Of these 50, nine are most important on a weight of
production basis. These nine synthetic rubbers are, in
decreas1ng order of importance, as follows:

R Styrene-Butadiene Rubber (SBR)

Polyurethanes

Polybutadience

Acrylics

Neoprene

Butyl rubber

Ethylene-propylene co- and ter- polymers
S (EPM and EPDM) :
. Isoprene
. Silicone.

,iﬂ general, this report focuses on the above nine
elastomers since they represent over 95% of SIC 2822's
production.

Appendix A presents the detailed methodology used
in developing the data presented in the tables for this
industry.
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2.2.1 Geographic Distribution Of Plants And
Production In SIC 2822

Table II-10 presents a summary of the geo-
graphic distribution of production units and their
estimated 1974 production for this industry segment
as an aggregate.

Table II-11 presents the geographic distri-
bution of production units and their estimated 1974
production on a product by product basis.

. Our survey'has found that there are approx-
imately 120 production units within SIC 2822.

. The synthetic rubber industry is very
heavily concentrated in the Gulf Coast area
in such states as Texas and Louisianna,
with a smaller grouping in Ohio and Kentucky
and minor installations to Connecticut and
Tennessee.

- Of all the rubbers produced by SIC 2822,
‘the greatest production in 1974 was of SBR type
rubber and is estimated to be 2,116 KKKg. This
value was on the order of almost four times the
production for these next highest synthetic rubbers
produced--acrylates, polyurethane and polybutadiene.

2.2.2 Geographié Distribution Of Employment

Table II-12 presents the estimated 1974 geo-
graphic distribution of employment. Information is
presented as an aggregate for the entire SIC 2822
since employment figures related to each of the
rubbers is not available.

- There was a total of about 17,000 employees
estimated to be working in the industry.

. Employment was concentrated in the Gulf
Coast (Texas and Louisianna) area with a
smaller but sizeable grouping in the Ohio/
Kentucky area. ’

The distribution of employment reflects the location
of the plants near their suppliers of monomers
(Gulf Coast) or their location near the major tire
plants where about 65% of the production from

SIC 2822 is used.
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SUMMARY OF GEOGRAPHIC DISTRIBUTION
OF PRODUCTION UNITS AND ESTIMATED
1974 PRODUCTION, SIC 2822

TABLE II-10

Number of
Production Units Production (KKKg/yr)
IV Alabama . 1 0..05 '
X Alaska
\ : S IX Arizona
) VI Arkansas
X California 5 40.511)
VIII Colorado
T Connecticut — 7 111.001)
111 Delaware 1 20.0
IV Florida
IV Georgia 3 30.0
IX Hawall :
X Idaho o
¥V - Illinois i 5 294.544)
\ Indiana )
VII Iowa
VII Kansas
v Kentucky 6 347.7
24 Louislana 15 923.8
I Maine
III Maryland
T Massachusetts — 4 20.0¢1)
v Michigan 4 69.3
v Minnesota 1 0.05
v Mississippi 1 4.5
VII Missouri
VIII Montana
VII Nebraska
IX Nevada
I New Hampshire
11 New Jersey 7 71.002)
VI New Mexico
IT New York 3 “4.1+1)
v North Carolina 2 24.0
VIII North Dakota
v Ohio - 14 770.2
VI Oklahoma :
X Oregon
ITI Pennsylvania 1 20.0
I Rhode Island. :
IV South Carolina
YIII ~South Daxkota
v Tennessee - 2 60.0
vI Texas . 32 2130.2
VIII TJtah - .
I “Vermont
I1I Virginia
X Washington ;
IIT West Virginia . 6 452.6
\ ‘Wisconsin
VIII Wyoming
TOTAL 120 5393.5
Region 1 : 12 131.0°
11 8 5.1
111 ] 492.6
IV 15 466.3
vV 24 1134.1
VI s 50 3054.0
VII
VIII .
IX j 3 40.5
X

Notes:
f1) Production figures for one unit are not available.

(2) Production figures for two units are not available.

Source: Foster D. Snell, Inc.
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v South Carolina

VIO . South Dakota

> L tMATEL 1974 GEOGRAPHIC DISTRIBUTION OF
SYNTHETIC RUBBER PRODUCTION
Acrylonitrile
Acrylates Acrylic Rubbers Butadiene Rubbers
No. of Production No. of Production No. O  Production
—— -' Plants (1) xxkxg/yr Plants {1} kkxg /yr Plants (1) yikg/yr
v Alabama
X - Alaska
1X Arizona
Vi Arkansas
IX California
VIl Colorado
1 _Connecticut .1 N.A.(2)
Ul - Delaware !
v Ficrida
v Georgia 1 N.A.
X Hawan :
X Idaho
V_ " Iilinois . !
v Indiana
vl lowa
vil Kansas
n Kentucky 2 .. 18.2
VI'  Louisiana tq 90.8 2 65
1 Maine )
o1 Maryland
! Massachusetts - 1 N.A. 1 S
\4 Michigan ‘
v Minnesota
v Mississipp:
Vit Missouri
VIII _Montana
VIl Nebraska
1X Nevada
1 New Hampshire
I New Jersey - : 1 N.A.
Vi New Mex.co
n New York
oIV North Carsina
VIl North Dakota :
v Ohio 1 1.5 4 67
VI Okiahoma -
X Oregon
1 Pennsvivania
1 Rhode Island

IV Tennessee

)2 Texas 4 336 1 11
VIl Utah
1 Vermont

. \irginia

X - Washington

111 West Virginia
Vv . Wisconsin
VI wyoming

" TOTAL 5 426.8 5 1.5 10 166.2

Region _ 1 2 N.A. 1 ) 5
' 1 1 —N.A,
11
v 1 N.A. 2 15 2
\4 1.5 4 67
VI s 426 .8 3 76
vn
VIl
. X
R X X
Notes; ’

) This indicates the number of plants in a given state which produce the
given type of rubber. In some instances that type is not the Primary

- Product. It may also indicate captive Production.

(2) N.A. = not available, .

Source: : Foster D, Snell, Inc. analysis of "Chemical Profiles" 0il, Paint &

=2y T8int &
Drug Remrtcri Ruebensaal's The Rubber Industry Statistica) Raport
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TABLE II-11 (2)

Butadiene Styrene
ABS Resins Copolymers Polybutadienes

No. of Production No. of Production No. of Production
Plants{l) KkXg/yr Plants(1)  Kxxg/yr Plants (1) xxxg/yr

Y Alabama
X Alaska

IX Arizona

A2 Arkansas

IX California 1 20 2 16.5

VIII Colorado

) Connecticut 1 65 3 42

Ul __ Delaware ’ 1 20

v Florida

v Georgia . 2 30

IX Hawaii

X Idaho X . : .

Vv 1llinois ' 2 280 1 7.5 1 7
v Indiana -

vi Iowa - : !

vl Kansas

v Kentucky : . 2 132.5 1 . 75
Vi Louisiana . - 3 446 .5

1 Maine

14 Maryland

I Massachusetts 2 15

\ Michigan 1 60 1 4

v Minnesota

n Mississippi

VIl Missouri

VIII  Montana

VIl . Nebraska

IX Nevada

1 New Hampshire

11 New Jersey

Vi New Mexjco

11 New York 1

1.4
n Ncrth Carolina 2 23
VIl - North Dakota
N Ohio : 1 275 3 367
VI Oklahoma
X Oregon
11 Pennsvivania 1 20
1 Rhode Island .
v South Carolina
VIO South Dakota
HY Tennessee 2 60
Vi Texas 9 830 8 395
VI Utah : : i
1 Vermont
I Virginia
X Washington
m West Varginia 1 290
Vv Wisconsin
Vio __Wyoming
TOTAL 7 990 35 2116.4 10 477
Region 1 1 65 5 57
14 1 1.4
it} 1 280 2 40
v ‘ 8 2465 1 75
)\ 4 615 S 378.5 1 7
Vi 12 1376.5 8 395
A2
\4]
X 1 20 16.5
X

Note: . . .

(1) This indicates the number of Plants in a given state which produce the
given type of rubber. 1In some instances that type is not the Primary
product. It may also indicate captive production. :

Source: Foster D, Snell, Inc. analysis of “Chemical Profiles” 0il, Paint &

Drug Reporter; Ruebensaal's The Rubber Industry Statistical Report
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TABLE II-11

Chlnrosulforated

(3)

- Butyl Rubber Polyethylene fHypalon' E-P Elastomers

No. of Production No. of Production. No. of

Product:on

v Alabama

Plants (1) KKKg/yr Plants(l)  KRKg/yr plams(1]  KXKg/yr

X Alaska

X Arizona

V1. Arkansas

IX California

VI _ Colorado ’ : *

1 Connecticut

m Delaware

v Florida

v Georgia

IX Hawaii

X Idaho

v 1llinois

v Indiana .

vl lowa - '

Vi Kansas

IV.  Kentucky

VI Lousiana 2 - 86.5 3 88
1 Maine
1 Maryland
1 Massachusetts
v Michigan
v Minnesota
v Mississippi
vil Missouri
VIl _Montana
VIl Nebraska
IX Nevada
1 New Hampshire _
11 New Jersey
A2 New Mexico
I . New York e
v North Carolina - .
VIII  North Dakota
v Ohio )
V1 Oklahoma
X Oregon R
A1 Pennsvlivania
1 Rhode Island
v South Carciina
VIO South Dakota
v Tennessee
Vi Texas 1 76 1 21.5 2 77 8
VIl Utah : : )
I Vermont
m Virginia
X Washington .
111 West Virginia
\ Wisconsin
VIO _ Wyoming
TOTAL’ : 3 162.5 b 21.5 5 165.8
Region 1
m
v
v s : .
vl 3 162.5 1 21.5 5 165.8
va :
VIl
X
X

Note:

(1) . This indicates- the number of plants in a given state which produce the
Given type of rubber. In some instances that tyre is not the primary

product. It may also indicate captive production.

Source: Foster D. Smell, Inc. analysis of "Chemical Profiles"” Jil, Faint &

Drug Reporter; Ruebensas.’s The Rubber Industry Statistical Repert
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TABLE I &3 &

Epichliorohydrin Isocyanate
E.--tomers Fluoro Rubbers Type Rubbers
No. of ProductionNo.of Production No.of Productior -
Plants (1)  XXkg/yr Plants(1) KKkxg/yr Plants(l) KKKy ::
v Alabama 1 0.0% .
X Alaska .
IX Arizona .
A% Arkansas
1X California
VIII _ Colorado
T Connecticut
il Delaware
v Florida .
v Georgia 7
X Hawatii
X Idaho
\ 1llinois |
v Indiana !
vil lowa
vil Kansas ;
Y Kentucky ;
Vi Louisiana 3 112 = 3
1 Maine i
11 Marvland i |
1 Massachusetts .;
v Michigan .
v Minnesota 1 0.05 ’ff
Y Mississippi 1 4.5 ) st
VIl Missoun ',
VIII Montana i
Vil Nebraska !
X Nevada 3 !
1 New Hampshire !
11 New Jersey 1 0.4 1 48 :
Vi New Mexico ‘:
)] New York _ B
n Nertk Careohina B |
VIl North Dakota :
vV Ohio 1 4.5 1 8.2
Vi Okiahoma ) )
X Oregon -
111 Pennsvivanii
Rhode Jsiand
n South Carolina
VIO  South Dakota
v Tennessee
Vi Texas 3 152
VIII  Ctah
] Vermont
m Virginia
X Washington
11 West Virginia 3 154 .3
Vv Wisconsin
VID Wyoming
TOTAL 2 9 3 0.5 11 484 .3
Region 1
I 1 0.4 3 48
u 3 1543
A | 4.5 1 0.05
v 1 4.5 1 0.0% 1 18.7
vi . [ 264
vi
VI
- X
;X
Note: .

(1) This indicates the number of plants in a given state wmcr'. produce th

Source:

given type of rubber.
product.
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TABLE 1I-11 (5)

Isoprene Rubbers. .
Synthetic Neoprene Polysulfides

NG. 0] Froduction WNO. ol Prodaction WNO. O Productior !
Plants(l) KKkkg/yr Plants(1) Krkg/yr Plants(1} KKkg/yr

X

Y

X

T

v Alabama
X jaska
1X Arizona
A Arkansas )
IX California
Vil Colorado
1 Connecticut
m Delaware
N Florida
I\Y Georpia
IX - Hawau
ldaho
\' 1llinois
v Indiana
v lowa
VIl Kansas -
v Kentucky 1 122
VI Louisiana . 1 35
1 faine
Il Maryland
Massachusetts
Michigan
V. Minnesota
v Mississippi
vl Missouri
VIII _Montana
VIl  Nebraska
IX. Nevada
|13 ‘New Hampshire .
] New Jersey 1 _ 2.2 18y
i New Mexico .
11 New York
v North Carolina B
VIl North Dakota .
Vv Ohio 1 32
Vi Okiahoma -
Oregon
(111 Pennsylvania
Rhode Island
I\Y South Carolina
VIO  South Dakota
v Tennessee
Vi Texas ) 2 107.3 1 20
VIII " Utah
1 Vermont ‘
111 Virginia )
X - ‘Washington
1) :West Virginia
v Wisconsin
VI~ Wyoming
TOTAL | 4 . 1415 3 177 1 9.1
* Reglon 1
‘ T3 2.2 1 9.1
- I
n 1 122
vV_1 32
vi_2 107.3 2 55
vi .
VI
X
X
Note:

(1) This indicates the number of plants in a given state which produce the
given type of rubber. In somc instances that type is not the primary
product. It may -also indicate captive production.

‘Source:

Foster D. Snell, Inc. analysis of "Chemical Profiles"‘ 0il, Paint &
Drug Reporter; Ruebensaal's The Rubber Industry Statistical Report
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TABLE 1I- 11 (6)

Silicone Rubber Urethane Rubber Vulcanired Oils
No. of Production No. of Production  No. of Production

Plants (1) kKKg/yr

Plants{1)  xkkg/vr Plants!l! K¥xg/yr

n Alabama
X Alaska )
X Arizona . -
VI Arkansas -7
IX _ California 1 4 1 N.A T ~
VI Colorado -
1 Connecticut 1 4 1 N.A -
11 Delaware :
v Fiorida - e
v Georgia
X Hawail -
X ldaho
V 12linois 1 N.A )
i Indiana
vl lowa
VIl Kansas T
n Kentucky T
Vi Lousiana
1 Maine )
Il Maryland T
1 Massachusetts )
v Michigan 2 5.3 o
v Minnesota -
n Miscissippl
Vil Missouri
VI Montana T
VIl Nebraska N
IX Nevada .
] New Hampshire . A
I New Jersey 1 9.1 173 2.2/NA.__ 1 . NA,
Vi New Mexico
i New York 1 2.7 1 N.A. -
IV North Carolina ~ T
“VII__ North Dakota o
v Ohio 2 5 -
Vi Oklahoma
X Oregon T
Il . Pennsylvania o
I Rhode Island -
IV South Carolina
\'I0 _South Dakota -
v Tennessee
Vi Texas 1 3.6
VIII * Utah
] - Vermont
111 Virginia
X Washington i
"Il West Virginia 1 1.5 1 N
Vv Wisconsin
VIII  Wyoming
TOTAL ) 7 26.6 5/7 17.6/N.A. 1 N.A.
Region I 1 4 1 N.A. 1 N.A.
— 2 11.8 174 2.3/N.A.
— u_ 3 1.5 1 6.8 .
J—— [V -
v 2 5.3 2/1 S/N.A B
vi 1 3.6
v
VIl
X 1 4 1 N.A. _
X N
Notes: - (1) This indicates the number of plants in a given state which produce the given
type of rubber. In some instances that type is not the primary product
It may also indicete captive production.
(2) N.A. - not available.
Source: Foster D. Snell, Inc. analysis of tChemical Profiles" Oil. Paint & Drug

Reporter; ‘Ruebensaal’'s The Rubber Industry Statistical Report.
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TABLE 1I-1:

ESTIMATED 1974 GEOGRAPHIC
DISTRIBUTION OF EMPLOYMENT
IN SIC 2822

e Employment“)
Alabam, S U T T
vl oo Arkansm ‘ . T
IX " California L L 360
VI Colorada. ‘
1 Connecticut ! 110
111 Delaware 375 -
IV Florida . T
IV -Georgia 120 N
IX - Hawaii -
X ldaho
v 1linojs : o 300
v Indiana i T
VI lowa T
Vil T
N Y 1,350 -
VI Louisiane o 2,880 -
! Maine -
m iaryland
1 Massachusetts 110
v Michigan - : 225
v Minnesota . 50
v Mississippi 150
VI Missouri N
VIII  Montana
Vil Nebraska
IX Nevada -
1 New Hampslire : e
U Newlersey 190 N
VI . New Mexico
1 New York ] 75
v North Carolina 240
VHI  North Dakota * )
Y Ohio o 1,500
VI Oklahoma | . .
X Oregon .
-111 Pennsvlvania . 75
1 Rhode Island )
v South Carolina
VIN . South Dakota : _—
IV. . Tennessee 225
V] . Texas 8.075
VIl Utah ,
] Vermont :
I Virginia i
X Washington .
111 West Virginia . - . 375
V. Wisconsin
VID _Wyoming
TOTAL . 16,895
Region 1 220
1T . 265
11 825
v 2,185
\ 2,075
Vi ) 10,955
vi
VIII
IX 360
X s

) Employment figures are estimated on the 1872 Census of Manufacturers and
extrapolated in accordance with production information from this study .

Source: Rubber Red Book (1975), OPD Chemical Promes Ruebensaa] s. The Rubber

ndustrx Statistical Report.
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The following data provides an estimate
of production unit size distribution by employment
on a national basis for SIC 2822 as a whole.

Table II-13 =- Production Unit Size Distribution

By Employment, SIC 2822 (National Basis)

Number of
Production Number of Employees
Units 1-4 5-9 10 19 20-49  50-99 100- 249 500-999 1, 000-2, 499
120 20 12 18 16 9 12 16 4

Source:

Foster D. Snell, Inc.

. From the above information, it can be seen
that 63% of the production units have less than 100
employees. However, except for the four facilities
with between 1,000 and 2,499 employees, the distri-
bution is rather even in all categories.

2.2.3 Plant Age Distribution

Plant age distributions for the major
synthetic rubbers (accounting for over 90% of
SIC 2822 production in 1974) are presented on a
product by product basis in a series of tables:

. Table II-14 -- Styrene-Butadiene

. Table II-15 -- Polybutadiene

. Table II-16 -- Acrylonitrile- Butadlene
. - Table II-17 -- Neoprene

. Table II-18 =-- Butyl

. Table II-19 -- Ethylene-Propylene

Table II-20 -- Isoprene

The bulk of the oldest and newest productlon

unlts are those manufacturing styrene- butadiene
rubber which was the type produced in the greatest
quantity in 1974. Production units for all other
rubber types are evenly distributed in regards to
age.

. Estimated plant age distribution for the
plants presented in Tables II-14 through II-20 are
summarized in Table II-21.
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TABLE 11-14 -

ESTIMATED PLANT AGE DISTRIBUTION OF
STYRENE-BUTADIENE SYNTHETIC
RUBBER PRODUCTION UNITS

Number of Plant Age .
Producuon 0-9 10-19 20-29 30+
Units Years Years Years Years

v Alabama
X Alaska
X Arizona
Vi Arkansas
IX California 2 1 1
Vil Colorado
1 Connecticut 3 s 2 1
o1 Delaware 1 1 - -
v Florida !
v Georgia -2 2
X Hawati
X Idaho
\ 1linois 1 . 1 . . ;
V. Indiana . o
VIl lowa ) : =
VIl Kansas :
v Kentucky 2 . 1 j 1 ‘
7 Louisiana 3 1 2 |
1 Maine : : . . ‘
Ol Maryland - : : el
! Massachusetts 2. 1 1 |
v Michigan - 1 : 1 : : j
Vv Minnesota

w Mississippi R "
VIl Missour: ‘
VIII  Montana
VIl . .Nebraska
IX. . . Nevada

1 New Hampshire .
1] New Jersey S
VI New Mexicc : . CoE
I New York I 1 ’
CTV. North Carol:ria 2 1 1 -
VIl - North Dakota
v -Otic 3 3
Vi __ ' Oklahoma .
X Oregomn
133 Pennsylvan.a j : 1
I . Rhode Isiand
v South Carohra
VIO South Dakota :
v Tennessee 2 1 1
v Texas g 2 1 1 5
VIII . Utah
1 ... Vermont
- Virginia
X~ Wwashington
Ml West\irg:n:a
\4 Wisconsin
VID . Wyoming
TOTAL 35 10 8 4 13
Region 1 5 1 3 1
I1 1 1
111 2 1 1
Vg 5 2 1 _
' S . 1 4
vi_ 12 3 1 1 ?
VII
VIII
IX 2 1 1
X

T+

Source: Rubber Red Book (1975). OPD Chemical Profiles. Ruebensaal's, The Rubber
: Industry Statistical Report and Foster D. Snell, Inc. estimates.




TABLE II-15

ESTIMATED PLANT AGE DISTRIBUTION OF
POLYBUTADIENE PRODUCTION UNITS

Number of Plan: Age
Production 0-9 10-19 20-29 30+
Units Years Years Years Years N.A.
IV . Alabama
X Alaska
IX . Arizona
Vi Arkansas
X California
VIII _ Colorado
1 Connecticut
1 Delaware
v Florida
v Georgia
X Hawaij
X idaho
v lllinois 1 ' R 1
v Indiana
VI lowa
viI Kansas
v Kentuckv 1 1
VI . Louisiana
1 Maine
o1 Maryland ¢
1 Massachusetts
v Michigan
\ Minnesota’ )
IV_ - Mississipp:
vl Missoun
VIII Montana
v Nebraska
IX Nevada
I New Hampshire
i New Jersey
Vi New Mexico
)] New York
v North Carolina
VI North Dakota
A% Ohio
%24 Oklahoma“
X DOregon
i Pennsvlvan;a
1 Rhode Isiand
v South Carolina
VIO _ Scuth Dakota
v Tennessee .
A1 Texas 8 1 5 2
VIII _ Utah
.1 Vermont
Il Virginma
X Washington
1 West Virgin:a
v Wisconsin
VI  Wyoming
TOTAL 10 1 6 3
Region 1
I
11
\Y 1 1
v 1 1
A2 8 1 5 2
v
VIII
X
X

N.A. = Not Available.

Source:  Rubber Red Book (1875} .

-4

OPD Chemical Profiles, Ruebensaal's, The Rubber

Industry Statistical Report and Foster D. Snell, Inc. estimates.

N ' . S




W

TABLE 11-16

ESTIMATED PLANT AGE DISTRIBUTION OF
ACRYLONITRILE-BUTADIENE SYNTHETIC
RUBBER PRODUCTION UNITS

Number of Plan: Age
Production  0-9  10-18  2¢-2¢9 30+
Units Years Years Years Years
IV - Alabama
X Alaska
1X Arizona
Vi Arkansas
X California
Vi  Colorado
1 Connecticut
o1 Delaware
v Florida
v Georgia
> Hawaii
X - ldaho
v 1llinois
v Indiana
vil lowa
v Kansas
Y Kentucky 2 1 1
VI Louisiana 2 1 1
1 Maine
o1 Marvliand
1 Massachusetts 1 1
Michigan
A Minnesota
\Y Mississipp:
Vil Missouri
VIl _Montana
VII . Nebraska
IX Nevada
1 New Hampshire
I New Jersey
V1 New Mex:co
i) New York
IV " North Carolina
VIII  North Dakota
v Ohio 4 k| 1
Oklahoma
X Oregon
111 Pennsylvania
1 Rhode Isiand
IV South Carolina
VIO . South Dakata
Y Tennessee
Vi .-Texas 1 1
VIl Utah
1 Vermont
1 Virginia
X Washington
111 West Virg:nia
V__ . Wisconsin
VID Wyoming
TOTAL 10 2 4 4
Region 1 1 1
- T
ur
v 2 1 1
vV 4 3 1
Vi 3 1 2
A2
vl
X
X
‘Source:  Rubber Red Book (1975), OPD Chemical Profiles, Ruebensaal's. The Rubber

Industry Statistical Repor: and Foster D. Snell, Inc. estimates.
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TABLE 1I-17

ESTIMATED PLANT AGE DISTRIBUTION
OF NEOPRENE PRODUCTION UNITS

Number of Plant Age
Production ~ 0-9 10-19 20-29 30+
Units Years Years Years Years
IV . -Alabama :
X Alaska
1X Arizona
Vi Arkansas
X California
VIO _ Colorado
1 Connecticut
o Delaware
v Florida
v Georp:a
X Hawalii
X Idaho
v lilinois
v Indiana
Vil lowa
vii Kansas )
IV Kentucky. - 1. 1
VI Louisiana - . 3 1
] Maine
ol Maryland
1 Massachusetts
\ Michigan
Vv Minnesota
M:ss:issippi
. VI Missour:
VIIl Morntana
v Nebraska
1X Nevada
1 New Hampshire
11 New Jersey
Vi New Mex:.co
1l New York
n ‘Nerth Carclina
VIO  Nerth Dakota
Vv Ohic
V] Okiahoma
X Oregon
11 Pernnsylvania
1 Rhode Island ;
v South Carolina
V10 . South Dakota
v Tennessee .
A2 Texas 1 1 -
VIl Utah
1 Vermont
ol Virginma
‘X - Washington
mn1 West Varginia
\ Wisconsin
VIO Wyoming
TOTAL 3 2 ° 1
Region 1
i
1
N 1
\
Vi 2 2
v
vl
X
X

Source:  Rubber Red Book (1975), OPD Chemical Profiles, RueSensnl'L The Rubber

Industry Statistical Report and Foster D. Snell, Inc. estimates.
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TABLE 11-20

ESTIMATED PLANT AGE DISTRIBUTION OF
ISOPRENE ELASTOMER PRODUCTION UNITS

Number of Plant Age
. . Production 0-9 10-19 20-29 30+
- Units Years Years Years Years N.A. S
v Alabama ] ) .
X Alaska
IX . Arizona ' i
; .V Arkansas . ) I
T ‘ S IX California i ) - !
: VIO _ Colorado -
1 Connecticut
o1 Delaware
v Florida
v Georgia
X Hawan ;
T ' X 1daho
i v 11linois a
v Indiana X } S
Vil lowa o
. VIl _Kansas
hY Kentuckv
V1 Louisiana
1 Maine
ol Maryland
1 Massachysetts
. . . \% Michigan
“ : N Minnesota
' v Mississippi :
VI~ Missouri : N
VIII Montana : Cl
vl Nebraska ;:J !
1X Nevada .
‘1 . New Hampshire g |
n New Jersey 1 - 5 . |
. £

V1 New Mexico

11 New York

1Y North Carolina
Vi .North Dakota

v Ohio . 1 1 _
V1 - Oklahoma .
X Oregon

Hl  "Pennsylvan:a

1 _Rhode Island

IV 'South Carolina
VIO _ South Dakota
IV_. . Tennessee

VI__ Texas 7 1 T
VI Utah '
1 - Vermont

oI Virginia

. X . Washington
‘II_ West Virginia
V__.  Wisconsin
VIO Wyoming -

'TOTAL -4 1 1 S 2

 Region 1

N.A. = Not Available.

‘__Source: Rubber Red Book (1975}, OFD Chemica) Profiles. Ruebensaal's. The Rubber .
Industry Statistical Repor! snd Foster D. Snell, Inc. estimates.

I1-47




TABLE 11-21

TOTAL ESTIMATED PLANT AGE

DISTRIBUTION OF PRODUCTION

UNITS FOR MAJOR SYNTHETIC
RUBBERS . SIC 2822

Number of Plant Age
i Production 0-9 10-19 20-29 Over .
Units Yrs Yrs Yrs 30¥rs N.A.
v Alabama
X Alaska N
IX - Arizona
Vi Arkansas . .
X California 2 1 1
VID Colorado |
1 Connecticut 3 2 1
o1 Delaware 1 1
v ‘Florida
v Georgia 2 2
X Hawaii _ )
X ld2ho -
v {ilinois 2 1 b
v Indiana
vil lows
vl Kansas
v Kentucky ] 2 1 3
Vi Louisiana 11 4 3 4
I Maine )
Jod Maryland
Massachusetts 3 1 2
\Y Michigan 1 1
v Mirnesota
v Mississipp:
v Missouri
VIII _Montana
vl Nebraska
1X Nevada
1 New Hampshire
11 New Jerseyv 1 1
Vi New Mexico
1 New York 1 1
v North Carolina 2 1 -1
VIl North Dakota
\Y% Ohio 8 4 4
Vi Okiahoma
X Oregon
111 Pennsyivan:a 1 1
1 Rhode Island
v South Carolina
‘VID  South Dakota
v Tennessee 2 1 1
VI Texas 24 6 7 1 7 3
VIII _ Utah
! Vermont
m__ Varginia
X Washington
I West Virginia
\ Wisconsin
VIO Wyoming
TOTAL 70 18 .23 4 20 5
Region 1 6 1 L] 1
. 1 2 1 1
1 2 1 1
v 12 . 6 -3 ) 3
Vv 11 . 4 1 ] 1
Vi 35 10 10 i 11 3
vi :
vl
X 2 3 1
X -

N.A, = Not Available,

Source:
The Rubber {ndustry Statistical Repo

estimates,

Rubber Red Book (1975), OPD Chamical ‘Profiles, Ruebensaal's,
rt and Foster L. Snell, Inc.
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. Eighteen of the production units are in
‘ the range of 0-9 years old.

. Twenty-three are between 10-19 years old.
. Only four are 20-29 years old.
. Twenty are over 30 years old. ’ ﬁ

2.3'~structure Of The Man-Made Fiber Industry,VSICs 2823
: And 2824

This sub-section discusses the 1ndustry structure
for both fiber producing segments of the plastics materials
and synthetics industry. S

SIC 2823, Cellu1051c Man-Made Fibers
. SIC 2824, Man Made Fibers, Non-Cellulosic.

For the man-made flber industry, the value added by
-manufacture was $2,283.8 million according to the 1972
Census of Manufacturers, while the value of shipments was
$4,229.3 million. There were over 95 thousand employees
- working in this industry in 1972. The split between

SICs 2823 and 2824 for these values were as follows:

For SIC 2823, the value added by manufacture
was $252.7 million, value of shipments was
$627.9 mllllon and employment was 19,000 total
workers.

e For SIC 2824, the value added by manufacture
was $2,031.1 million, the value of shipments
was $3,601.4 million and employment totalled
76,300 workers.

From these flgures, 1t is apparent that the cellulosic
fiber industry is significantly smaller than the non-
cellulosic segment of SIC 282. 1In fact, SIC 2823 is the
smallest segment of SIC 282 in terms of employment, value
jadded by manufacture, value of shipments, number of
establishments and production volume on a welght basis.
The non-cellulosic fiber industry, SIC 2824 is exceeded
in the above terms within SIC 282 only by the plastic -
materlals and resins group, SIC 2821.
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(1)

The products of the fiber industry find use through-
out the U.S. economy. For example, major end-uses of
cellulosic and non-cellulosic fibers are listed below
in order of product mix importance.

Broad‘woven goods: 43%
Flat knit goods: 15%
Non-woven goods: 12%°
. Tires; ‘ 6%

All of these end-uses are important'in the economy.

There are two important cellulosic fiber classes
produced by SIC 2823:

. Rayon
Acetates and triacetates

and four 1mportant non-cellulosic flber classes produced
by SIC 2824: ' \

. ‘ Polyesters
Nylon and aramids
Acrylics and modacrylics
Polyolefins and vinyon.
In general, this report ‘focuses on the above listed

cellulosic and non-cellulosic fibers. These materials
represent over 95% of production in SICs 2823 and 2824.

Foster D. Snell, Inc., Industrial Energy Study Of The

Plastics And Rubber Industries, SICs 282 and 30. Contract
Number: 14-01-0001-1655, U.S. Department of Interior,
Bureau of Mines, Washington, D.C. (1974).
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2:3.1 Geographic Distribution Of Production Units
: “And Employment, Man-Made Fiber Industries,
SICs 2823 And 2824 :

~Table II-22 presents the estimated 1974
geographic distribution of production units and
employment for the man-made fiber industries.

. Our survey has found that there are approxi-

' - mately 166 production units within these
industries.

. The cellulosic and non-cellulosic fiber

industries are both concentrated in the
South Atlantic states near the large textile
mills. These states of high concentration
include Tennessee, North Carolina, South
Carolina and Virginia. '

Employment values are given as an aggregate for.
‘both SICs comprising the fiber industry. This
approach was taken because in many cases there are
~several production units at one site and in some
instances these units are in both SICs 2823 ang
2824, ‘

2.3.2 Plant Age Distribution

‘Estimated plant age distributions for the
fiber groups of SIC 282 were developed with the
" assistance of the Textile Economics Bureau.

2.3.2.1 cellulosic Man-Made Fiber Industry,
SIC 2823

Table II-23 presents the estimated
production unit age distribution for this
industry. The majority of production units
(10 out of 13 still in production) are over
30 years of age. OCne production unit is in
the range 6f 10 to 20 years old and the
remaining two began production 20 to 30
years ago.
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TABLE II-22 Cellulosic Non-Cellulosic
. SIC 2823 SIC 2824
ESTIMATED 1974 GEOGRAPHIC T . - T o o
DISTRIBUTION OF PRODUCTION fE% E€g ©3F Ec -
UNTTS AND EMPLOYMENT -- SiCs 2823 AND 2824 s %‘ E : E _i § - % .Z E
> = < . - E - > -
e_<c¢e 2 & E s> & °© Employment {1)
v Alabama 1 2 M 3 3 €.000
X Alaska
1X Arizona
Vi Arkansas .
IX California 2 (D, T#7
VID _ Colorado
1 Connecticut 1 (D
a1 Delaware 1 1 3.000
v Florida 2 1 2 1B 3.000
v Georg:a 1 ] 3,000
X Hawaii -
X ldaho
v Illinois
v Ind:ana
VIl lowa 1 1 Y
Vil Kansas
v Kertucky i
Vi Louisiana 1 (D,
1 Maine 1 (D)
nl Msrviand ° 1 1 4 1 18 3,000
1 Massachusetts 2 1x (D
\% Michigan 1 (D
vV M:innesota 1 (D
IV
VIl Missourns 2 D
\Vill  Montana
1 Nebraska
1X Nevada
1 New Hampshire
) New Jersey 3 1X Do
Ay New Mex:.co —
11 New York 1 3 I\ iF D
n Norsh Carolira 4 4 1 31X 1f.0¢2
VIII  Ncrih Dakoia
v Ohio 1 1 D
Vi Ok.zhcma
X Cregorn
m Pennsvivan:a 1 1 21V 1 3.00¢
1 Rhode [siand 1 (D!
AY South Carolina 1 10 1 3 10 1B 18000
V1D Soutk Daknta . .
v Tennessee 2 1 [3 W 5 5 15.000
A2 Texas (D)
VIl Utah
] Vermont
111 Virginia 2 2 1A 2 3 4 JIFXP 15.000
X Washington 1 (D}
111 West Virg:n:a 1 1 1 3.00G
Vv Wisconsin 1 (D)
VI Wyoming
TOTAL 6 7 38 [ 60 39 10 105.000
Reg;on 1 5 1 3.000
1T 1 7 1 2 6.000
a3 3 11 2 10 8 4 27.000
N 3 3 25 4q 26 29 3 60.000 _
\J 4 3.000
A2 2 (D)
vo 1 3 3.000
vl
X 2 (D)
X 1 (D}

(1) Employment is total for both SIC 2823 and 2824 as in many cases there are several
production units at one site and in some instances these umts arein both SICs
(2) (D) = data not presented to avoid disclosure.

Key:
A - Aramid

B - Biconstituent
F - Fluorecarbon
-M - Modacrylic

Source-

Textile Organon. Sept. 1975.

Textile Economics Bureau and 1372 Census of Manufactiurers,

P - Polycarbonate SIC 2823 = Cellulosic Manmade

§ - Saran Fiber Industry
V - Vinyen SIC 28z4 = Non-Cellulosic Manmade
X - Spandex Fiber Industry

Snell analysis of iniormation supplied by the
U. §. Department

of Commerce Publication Nn Mr~=7121.28m

Manmade Fibers Manmade Fibers v 5

i
|
1
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TABLY 1T &=

ESTIMATED 1974

GEOGEAPHIC DISTRIEUTION OF PLANT AGE

CELLULOSIC MANMADE FIBEKS
SIC 2822

Total Plant Age (Years)

No. of Sor Lo
Plants Less 510 10-20 20- 3¢ 30 or more
N Alabama R 1 - 1 T
X Alaska e - ~
X Avwgons 0 T ’
\2) Arkansas
IX California
VIl Colorade
1 Connecticut
o1 Delaware
IV Florida -
n Georgia . 1 : 1
IX Hawalj
X ldaho —_
)Y Ilinois
Vv Indiana
VIF  Ilowa
VII'  Kansas
v Kentu: kv -
Vi Lous:ana X
1 Maine
Il Marvianc 1 R
1 Massachusetis _
v Michigen
v Minnesota
N Mississipp!
A Missour:
VIll  Montana
vn Nebraskz
IX Nevads A
I New Hampcehire e
11 New Jersey e _ e —
Vi New Mex:co R . —
1 New York . S
v Nortk Ceroline o
VI Norik Dakct: o
v Orio o
Vi Oklahom: : _
X Oregor 3 . —
III = Pennsylvan.s ] . 1
1 _Rbhode Islanc
S South Caroiire 1 1
VID  South Dako's
IV Tennéssee 3 1 —_——
Vi Texas . P
VIII  Utzh . e
3 Vermont —
1 Virg:nia 4 . e LI
X Washington R
m West \irg:n.e 1 SR SR
\Y Wiscons:n e
VIO Wyoming . R,
TOTAL 13 1 2 : 1
Regior 1
10 ~ T
m 7 o - T
N 3 1 T 3
Y
A2 T v-—
Vil
Vi - ]
X
X e
. 'Source:  "Base Book of Textile Statistice" . Textiie Organon. Vol. XXXIII No. 1.

New York. Textile Economics Bureau. January 1967. and Foster D.
Snell. Inc. analysi of information from subsequent issues of

+ Textile Organon
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2.3.2.2 Non-Cellulosic Man-Made Fiber ‘
Industry, SIC 2824 L.

Estimated production unit age ,
distribution for this industry are presented
in Table II-24.

As can be seen from a comparison v ot
of Tables II-23 and II-24, SIC 2824 is a I
newer industry than SIC 2823. A summary of : 1t

- production unit ages is provided below. :

Table II-25 -- Summary Of Ages Of Productlon Unlts, ' ;

SIC 2824
Total Number of Production Unit Age (Years)
Production Units 4 or 30 or
Identified ’ Less 5-9 . 10-19 20-29 More
153 » 52 46 40 11 4

Source: Foster D. Snell, Inc:.

Over 66% of the production units
are between 1ess than 5 years old to 10
years in age. Only approximately 3% are
thirty years old or more.

The oldest units are generally
those producing nylon and spandex. The
newest production units are those manufac-

turing polyolefins, polyesters and some
small volume fibers such as fluorocarbons

and polycarbonates.

Table II-26 through II-30 present
production unit ages of the individual
fibers in SIC 2824. :

2.3.3 Geographic Dlstrlbutlcn Ccf 1974 Capac1t1eo
And Production

Much of the information concernlng capacities
and production for the cellulosic and non-cellulosic

fiber industries cannot be presented on a state
basis in order to prevent disclosure ‘of proprletary

information.
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TABLE 11-24

ESTIMATED 1974 GEOGRAPHIC DISTRIBUTION
OF PLANT AGE OF NON-CELLULOSIC
SYNTHETIC FIBERS, SIC 2824

Number of Plant Age
Production 0-4 $-9 10-19 22-29 30+
. Units Years Years Years Years Years
v Alabama 9 4 3 1 1
X Alaska
IX Ar:zona
vy Arkansas
IX .California 2 1 1
VIIl Colorado
I _Connecticut 1
I7) Delaware 1 1
IV . Florida € 3 1 1 1
v Gecrgia 10 4 S 1
IX . Hawa11 '
X Idahe
Vv Illinois
v - Indiana
VI lowa 2 2
VII Kansas
v Kertucky
VI Louisiana 1 1
I Maine 1 ]
III Maryland 7 2 1 1 Py 1
I Mascachusetts 3 1 2
\ Michizan 1 1
Minnesota 1 by
S Micsissipr.
vIT Missouri 2 2
viZ1 Montana 1
VI Netraska
iX Nevada
I New Hampshire
b New ‘ersey 4 1 3
U New Mexico
b4 New York 7 3 4
Iv Nor<h Carolina 20 9 6 2 z
voll North Dakcta
Chio 2 1 1
V1 Oklahcra
X .Oregor,
P Perrsvivaria 5 2 1 1 1
I Rhode I=land 1
IV South Carcliina 25 9 11 3 2
VIII__South Dakota : :
IV Tennessee 17 1 [ 8 2
Vi Texas 1 1
VIZr vtah
I Vermont
I virgiria 19 6 4 7 1 1
X Washington 1 1
IIl West Virginia 2 1 1
v Wiscersin 1 1
Vvaill Wyoming
TOTAL 152 52 46 40 11 4
Region 1 .6 1 3 2
11 11l 3 1 2 3 4
111 38 11 2 11 8
v 2 A0 32 16
v 5 3 b 1
Vi 2 i 1
Vi1 4 2 2
VIIl
X 2 A 1
X d i

Source: "Base Book of Textile Statistics”, Textile organcn, Vol. XXXIII No. 1,
New York, Textile Economics Bureau, Janusry, 1962, and Foster D. Sneil,
Inc., analysis of information from subsequent i1ssues of Textile Crgancor.
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TABLE 1II-2¢
ESTIMATED 1974
GEOGRAFHIC DISTRIBUTION OF PLANT AGE '
SYNTHETIC FIBERS ~= S:7 2824
Nylon and Aramid

Total Plant Age (Years)
No. of 5or
Plants Less  5-10_ 10-20 20-30 30 or more
n Alabama 2 1 1 ,
X Aiaska
1X Arizona
VI Arkansas
1X California
VIO Colorado !
1 Connecticut
ui Delaware - . 1
A Florida 2 1 1
Ay Georgia 1 1
X Hawa.i .
X Idaho
v Illinois
Vv Inc.ana ‘
VII - lowa 1 1
Vil Kansas
n Kentucky
V1 Lous.ana
1 Maine
1§ Maryland 1 1
I Massachusetts
v Michigan
v Minnesota
n Mississ:iory
vl Missour:
VIl Moniena -
Vi Nebraska
1X Nevacdes
1 New Hampshire
i New Jersesy
Vi New Mexico
1 New York 1 1
n Nor:h Carchra 4 1 1 1 1
\VIII Neris Dakota
v\ Ohio
V] Orlahzms
X Oreg :
5 Pernsvivania 1 1
1 Rhode lsland
n Scuth Caroiina 10 2 F) 3
Vil South Dakota .
v Tennessee 6 2 2 2
vl Texas
VI U:ah
1 \'ermont .
111 \V:rgin:z 7 2 1 3 1
X Washingion
11 Wes: \irginia 1 1 .
vV Wiscons:n
VI Wyoming
TOTAL 38 6 11 15 4 2
Region 1 .
Tl 1 RN
i} 11 2 1 6 2
I\ 25 4 10 7 4
V. B
V]
Vo 1 1
VIII
X .
X
Source: *Base Book of Textile Statistics". Textile Organon. Vol XXXIU No 1.

New York. Textile Economics Bureau. January 1962. and Foster D.
Snell, Inc. analysis of information from subsequent-1ssues of

Textile Organon. |
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SYNTHETIC

TABLE |

ESTIMATED 1974

FIBERS == ¢1
Other
Non-Cellulosic

GEOGRAPHIC DISTRIBUTION OF PLANT AGE

<OJEDS

New York, Textile Economics Bur

Total Plant Age (Years)
No. of Sor
Plants Less__ 5-10  10-20 20-30 30 or more
v Alabama
X Alaska T
X" Arizopa - .
Vi Arkansas
IX California . 7 — — T T e
VIl Colorado _
1 Connecticut i
ut Delaware K
v Florida 1 1B o
v Georgia
X Hawaii
X Idaho ;
v 1llinois .
V__ . Indiana
. VII_ Iowa -
VI Kansas
v Kentucky ———
vi Louisiana
1 Maine . .
m Maryland 1 18._
1 Massachusetts 1 X
v Michigan ' ——
v Minnesota
1\Y% Mississippi
VII - Missouri —
VIIl  Montana )
--VII _ Nebraska
IX Nevada
1 New Hampshire — e -
11 New Jersey 1 [ IN B
A2 New Mexico e -
Ir New York 1 1F . s
v North Carolina 1 X .
VI North Dakota -
\Y Ohio
VI Okiahoma .
X Oregon — G
1 -~ Pennsvlvania ~
1 Rhode Island .
Y South Carolina 1 1B
VIO . South Dakota
v Tennessee
Vi Texas -
VIII  Utah —_
)] . Vermont — [N —— e
i Virginia 3 P PN [
‘X Washington -
1] West Virginia
v Wisconsin S,
- VIO Wyoming —
TOTAL 10 5 q 1
Region 1 1
I1 2 1
111 9 1
v 3 3 _—
) -
Vi
vl
VIII
X
X
“B - biconstituent
'S - Saran
X - Spandex
F - Fluorocarbon
“P - Polycarbonate :
Source: "Base Book of Textile Statistics", Textile Organon. Vol. XXXIII No. 1,

eau, January 1962. and Foster D.
Snell, Inc. analysis of information from subsequent issues of

Textile Organon.
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TABLE 11-28
ESTIMATED 1974

\

GEOGRAPHIC DISTRIBUTION OF PLANT AGE

SYNTHETIC FIBEPS -- SIC 2824

' ) Polyester
Total _ Plant Age (Years)
No of ~ Sor .
: Plants Less  5-10 10-20 20-30 30 or more
v Alabama 3. 2 1 : :
X Alaska :
IN.  Aricona I
V1 Arkansas :
X California
VIO Colorado
1 Connecticut
a1 Deiaware' - 1 1
n Florida ) )
n Gecrgia
X Hawan
X ldako
v lilinois
\Y Indiana
vii lowa
v Kansas
1Y Kentucky
Vi Lou:s:ans
] Me. N
m Marviand 1 ; 1
1 Mas Uselts )
v Mich:gan
vV M:innesois
N Miss:iss:ipp.
v Missour:
VIl Montana
vi Nebrasks
IX Nevada
1 New Hampshire
1 New lerzey )
VI New Mex:ce
1l New York 1 . H
Iy Ngrin Care 12 ) 3 2 R 1
Vil Nor:ix Dz . .
v Ohio 1 1
vl OK.2himi :
X Orec
Il Penr 1 i 1
1 Rhoce | .
1Y South Carciina ~ .10 k) 5
VI South Dakota . . .
IV - Tenressee 5 . 1 : 4
Vi Texas
VI Utah
I ‘\'ermont
1 Virg:nia . 4 - 2 2
X ] ngion .
1 '.TRinia 1 1
V Wiscons:n :
VIl  Wyoming
TOTAL 39 16 14 8 1
Region H
T 1 1
oI 8 . 3 S
1A 29 13 9 6 1 .
\ 1 1
V1
v
vii
X
X

Source. "Base Book of Textile Statistics", Textile Organon. Vol. XXXl No 1,
‘New York, Textile Economics Bureau. January 1962, and Foster D.
Snell. Inc. analysis of information from subsequent issues of

Textile Organon
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TABLE I1-23
ESTIMATED 1874
GEOGRAPHIC DISTRIBUTION OF PLANT AGE
SYNTHETIC FIBFRS =-- SIC 2824
" Polyolefins and Vinyon
B |
|
RS o . " Total Plant Age (Years) ;
’ No. of 50r : ;
Plants - Less ~_5-10 10-20 20-30 30 or more :
N Ajabama 3 1 2
. X - - Alaska . ;
" IX Arizona ' N
: VI Arkansas ‘ . : i |
IN  Caidcrmia 2 1 1 " i ‘
VIl Colorado , ; ,'
1 Connecticut 1 . 1 o
m Delaware : ‘ ] } B S
IV~ Florida . 2 -2 L
! v Georgia 9 -4 4 1
: : IX Hawal
- X Idaho
v lllinois
v Ind:ana
Vil lowa 1 . 1
VIl Kansas
n Kentucky
Vi Louls:ana 1 1
. ) 1 Maine 1 1
. ' ul Maryviand 4 2 2
1 Massachusetts 2 1 1
Y Mich:gan 1 1
v ) 1 1
i
Vil 2 2
Vil
Y
UIN__ Nevace
-1 New Hempshire
1 New Jersey 3 1 2
N New Mex:.co
S New York C 3 2 2
Iy Norih Caralins 4 2 2
Vi Norsh Dskcia
Y Ohie ’ 1 1
Vi Oklakoma
X Oregcn ..
1ii_ - Fennsylvan.a 3 : 2 ) 1
B! Rhoce Is.and 1 1
n South Caroura 3 . 1 1 1
‘VIE ' South Dakota ] ]
v Tennessee S ) 4 1
V1 - Texas : 1 1
AT Ltahs ) :
I Vermont
] . 3 1 1 1
- X 1 1
S West Virg:n:a
v Wisconsin 1 1
VIO Wyoming
TOTAL 60 25 21 9 4 1
" Region 1 5 1 3 1
a - 1T 7 7 1 KN
| ul 10 5 1 3 1 '
n 26 10 13 2 1
v [] 3 1 —
Vi 2 1 1
- v 3 2 1
Vil .
X 2 . 1 1
X . 1 1

: Source: “Base Book of Textile Statistics", Textile Organon. Vol XXXIIINo i,
. New York. Textile Economics Bureau, January 1962, and Foster D
Snell, Inc. analysis of information from subsequent issues of

Textile Organon .
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TABLE II-2:
ESTIMATED 1974
GEOGRAPHIC DISTRIBUTION OF PLANT AGE
SYNTHFTIC FIBI®R2 -- 70 2824
Acryhic and Modacryiic

Total : Plant Age (Years)
No. of 5 or '
Plants Less 5-10 10-20 20-30 30 or more
v Alabama 1 1
X Alaska
IX Arizona
i Arkansas i
IX California
VIiD  Colorado J
1 - Connecticut
ol Delaware
v Florida 1 1
v Georpgia
X Hawau
X Idaho
\Y Hlinois
v Indiana
vl lowa i
Vil Kansas
Y Kentucky
Vi Louis:ana . } .
1 Maine
m Marvland . . i
I Massachusetts
Michigan
vV Mirnesota
Y Miss:iegipo.
Vil Missour:
V1!  Montana
Vil Nebraska
1X Nevada
1 New Hampsh:ire
11 New Jersev
o New Mex:co
‘1 New York : -
v North Carsana . N
VI Nortk Dakota
v Ohio
Vi Okizhoma
X Oregon
m Pennsv.van:.s
1 Rhode lsiand
v South Carolina 1 1
VID  South Dakota
IV - Ternnessee : 1 1
VI Texas
VIII  Ltah
1 Vermont
111 Virginia 2 2
X Washington
m West Vurginia
vV Wisconsin
VIO Wyoming
TOTAL 6 [} 2
Region 1
T
i 2 2
\Y 4 2 2 __
A%
V1
vo
Vil
X
X

Source: "Base Book of Textilé Statistics”. Textile Organén, Vol XXXIli No 1.

New York. Textile Economics Bureau. January 1962. and Foster D
Snell. Inc analysis of inférmation from subsequent issues of

Textile Organon.
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2.3.3.1 Cellulosic Man-Made Fiber Industry,
SIC 7823 |

Table II-31 presents the estimated
geographic distribution of cellulosic fiber
capacities for 1974. Table II-32 does the-
same for production.

. Total reported capacity was o

- 3,435 KKKg in 1974. Capacity was
split almost equally between the
rayon and acetate classes of fibers.

Total reported cellulosic fiber
‘production was approximately
537.6 KKKg in 1974. This was
~only 15% of the reported capacity.

Most production in this industry centered
in the South Atlantic states. -

2.3.3.2 Non-Cellulosic Man-Made Fiber
Industry, SIC 2824

~ Table II-33 presents the estimate
geographic distribution of non-cellulosic
man-made fiber capacities for 1974. ’
Table II-34 does the same for production.

Total reported capacity for 1974
was 17,592 KKKg. The greatest
capacity exists for polyester

"~ based fibers followed by the nylons.

These two fibers account for
approximately 81% of U.S. capacity
for fiber»production. , v

Total reported production was
137,000 KKKg in 1974. This
represented an over 77% capacity
utilization which was over five
times that for cellulosic fibers.

. As in the case of cellulosic fibers,
non-cellulosic production is centered:in the

‘South Atlantic states near the large textile:

mills.
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TABLE :1-31
ESTINATED 1974
. GEOGRAPHIC DISTRIBUTION OF
CELLULOSIC FIBER CAPACITIES
-=SIC 2823 (FK#G,'vr)

Y

“Rayor, . Acetate,
Rayon Staple Acetate Staple
. Filament ~ And Tow  Filament And Tow |
n Alabama ) - (D) (1)
X Alaska L .
IX Arizona
Arkansas - R
N California )
VIIl  Colorado \
1 Connecticut
1 Delaware
n Florida
v Georgia (D)
IX Hawaii
X ldaho
Ay 1llinois
v Indians .
v lows
vl Kansas
n Kentucky
Vi Lou:siana
1 Maine :
i Maryland ) (D)
I Massachusetts
vV Michigan
v Minnesota
' . Mississippi
v Missour;
VIl Montans
VIl Nebraska
IX Nevada
1 New Hampshire
1 New Jersev
\'] New Mexico
1 New York
v Nerth Caroina
VI Nerth Dakotz
v Ohio
Ay Okiahoma
X Oregon
111 Pennsyvlvan:a . (D)
1 Rhode Island : :
n South Carolina . - (D) (D)
VIO  South Dakota : N
5 Tennessee (D} (D) D) (D)
Vi Texas :
VIl Utah
] Vermont :
m Virginia 3 (D) (D} (D)
X Wash:ington
111 West Virginia (D) (D)
\Y Wisconsin
V1D Wyoming
TOTAL | 210 1585 850 780
Region 1
1] -
i (D) (D) 475 (D)
n (D) {D) 375 (D)
v —
\'l
vi
VIl
X
X
)

(D) = data not presented to avoid disclosure.

-Source: Snell analysis of information supplied by the Textile Economics Bureau

and from Textile Organon, Vol. XLVI, Ne. 8, New York. Textile Economics

Bureau. September 1975. '
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TABLE TI- %
ESTIMATED 1974
GEOGRAPHIC DISTRIBUTION OF

CELLULOSIC FIBER PRODUC™'™"

--SIC 2823 (KKKg/yr)

Source * Snell analysis of information from Textile Qrganon. Volurﬁe XLVI. No. 1-2,

Rayon Rayon Acetate Acetate
; Filament  Staple § Tow Filament _ Staple § Tow
IV Alabama (p) 1}
X Alaska
1X Arizona
Vi Arkansas
IX Cai:fornia
VID Colorado
1 Connecticut
oI Delaware i
IV - Fionida
S Georg:a (D)
X Hawa::
hY idaho
v Illincis
Vv Ind:ana
vl Icw3
Vil Kansas
n Kentucky
Vi ‘Lou:s:ana ' ‘
1 Maine _
a1 Maryiznd {D)
1 Massachuset!s
vV Mich.gan
v M:rinesota
I\ . M:iss:ssipp!l
Vil Miesouri -
J1I Mentare
Vii . Nebraska
X ‘Nevacs
1 New Hampshire
11 New Jersev
ToONew Mex:ico
3! New York o
n Nerih-Caroinina
VIII O Nerih Dakcts
S hic
\']
X
11 Pennsvivarn.a \DJ
1 R=uce !slanc
n Soutk Carciing (D}
Vil  South Dakola
IV ' Tennessee {D) (D) (D)
Vi Texas
VI Utah
1 " Vermont
I & D) (D!
1] (D) (D)
\ W:isconsin
VIO  Wyoming
‘'TOTAL 78 3 © 2843 T 185 none reccreed
Reg:on 1
T
1! (D) (D) 92
n (D) (D) 73
v
Vi
v
Vil
X
X
{1} (D) = .data not presented to avoid disclosure.

New York, Textile Economics Bureau. January-February. 1975.
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TABLL II-32

ESTIMATED 1974
GEOGRAPHIC DISTRIBUTION OF
NON-CELLULOSIC FIBER

CAPAZITIES == SIC 2924 (KKRKg 'yr;
3 3 3
. H c c
£ . [ ] (o]
g3 g2 +T eg- €% =
o =23 >5 = S 2 S f . <=8 -
c§ TR ogri ¥E $c¢ I E. 3
SE £% PEZ SF ST 5: 2% £
27 < 257 £ E; £« Eg °©
n Alabama (D} (2} (D) (D) iC)3) (D) NA
X Alaska :
INX Arizons
Vi Arkansas
IX - Califormia (D)
ViOD  Colorado
1 Cornecticut (D)
g | De;aware (D} 23] (DY
N Florida (D) (D) (D) (D} D1
n Gecrgia (D) NA (D}
IX Hawai:
X Idaho
v Illinois
v Indiana
Vil low3a (D) (D)
Vil Kansas
N Kentucky
Vvl Louis:ana (D1
1 Maine (D)
) Maryv.and (D (D} NA (D (D
1 iassachusetts D 1D:
v Michigan (D)
V Minnesota D"
Iy Miss;ss5:pD:
v Migsour: (Dt
V'IIE Montans
Vi Nebraska
X Nevada
1 New Hzooshire .
1] New Jerzey iD N
Vi New Mexizc
I New York D el [op] s
n North Car 263 iD PN 1D NA (D
"WIiI__ Neris Daa
vV hic (D iD:
\'] Ok:a
N Qregon .
11} Pennsvivan:a (D} D- D
1 Rhode Isiand : (D) (D4
n South Caro.ira 1190 570 (D) 1230 (D) (D) (D) (0.
VIO  South Dakota
I Tennessee 615 375 . (D) 990 3 (D) NA D)
V'l Texas ) (D)
VI - Lrat :
] Vermont
i Virg:n:a 945 D (D) (D} (D; (D! [105] (D!
X Washingion (D}
11 West \':rgin:a (D} (D} (D} -
vV Wisconsin . DY~
vio Wyoming
TOTAL 4215 1730 1770 3080 4290 1120 335 35024
' Region ] 250 (D) (D)
T D) (D) 130 (DV
ur 1473 575 (D} 375 (D) 180 (DY - (D}
2730 1185 (D) 3585 (D) 480 (D) (D)
v (D) (D)
V1 (D}
v (D) (D)
Vil
X (D)
X
Notes:

(1) Primarily saran and spandex

.(2) (D)

data not presented to avoid disclosure

Ted

(3) (C) = polyester filament capacities for AL and TN combined to avoid disclosure.

Snell analysis of information supplied by the Textile Economics Bureau
and from Textile Organon. Vol. XLVI. No. 9, New York, Textile Economics
Bureau, September 1975.° .
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TABLE II- 34
ESTINATED 1979
GEOGRAPHIU DISTRIBUTI
OF NON CELLLLOS]C FIBER
PRODUT " IEIE vy

- vl
LS

3 3 3
. c < c
£ <.k = =
< £r f3F po P E. £R:
[ k. 2t EE T 2T X 0=
SE E- ¢ $E f: SE 3% ¢
- == - T 2= e 2= 2 £
z= >k ©EZ TZ ¢£ T TE =
PR 4 SRV _Fa £V C o U (=}
n Alabama (D) (2) by (D: 3 T in. Na
X . AleSHa
1N Arizona
-Vl Arkansas B
IX Calilcrmia (D)
VIl  Coiorado
1 Connecticut (D)
11 Delaware (D) (D) ) (D) .
v Rlor:cas (D) (4o} MR 1)) (D) (D)
AN Gecrgia (D} NA (D)
X Hawz::
X ldakc
\Y lllino:¢
" Inciana
Vil lowa (D) (D)
“VII__ Kansas
n Kenjucky
Vi Louls.ane (D>
1 Ma:re . (D}
11} Marylend {D) - (D1 NA (D, (D
1 Massathusells (D (o>
Ay M.chigan (D
Y Minnesots {D.
AN Miss:ssipo:
Vil Miesours (D
Vi
v 3
IX Nevacs
1 New Hampehire ___
1 New Jersey Lo {
VI New Mexico
1 New Yerk D (D \D t__
V- Nor:h Caroline 21 (D 1050 (D' N2 (D
“VII Norir Dekota
\" - Ohic (D (D
Ay Oklzhome
X Cregen )
1 Penncev.van.a (D (D (Dt
1 Rhodé lslanc : (D (D}
n South Carcline 97¢. 410 (D} 835 (D1 (D] (D (D
V1D  Soutk Dakota -
Y Ternescee 500 275 (D! 25¢"3 (D NA [§o)
Vi Texas : (D
VI Utah .
O e e et i e -
m.  Virg: 770 (D) o)y e D bbb
“X Wash:npton (15K
A1 West \';rpinia (D) (D} (D} o
\ Wisconsin [§o}
ViL . Wyoming
"TCTAL 3430 1245 1390 3100 3340 1020 150 2%
Region 1 230 (DI (D)
: ; I (D) : (D} 120 D7
Ul 1180 -41° (D) 285 (D 175 (D} (D)
V. 2225 830 (D) 2725 (D) 445 (Dy (D)
V- (D) (D)
V1 (D)
vDh (D) (D)
Vi
o (D)
X

(1) Primarily saran and spandex
(2) (D) = data not presented to avoid disclosure
(3) Polyester fxlament production for Al and TN combmed to a\'oxd disclosure

Source: Snell malysxs of data presented in Textile Organon. le XLVINo. 1-2.
" New York. Textile Economics Bureau, January-February 1875,
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3. PROCESS.DESCRIPTIONS AND WASTE STREAM IDENTIFICATION FOR
THE PLASTIC MATERIALS AND SYNTHETICS INDUSTRY, SIC 282

There are two major groups of processes used in SIC
282: polymerization and spinning. Because polymerization
processes ‘are similar for all segments of this industry, the
SIC Classification framework for the discussion presented
below is not maintained. . Instead, these topics are presented
in a manner more descriptive of the actual conditions in the
industry. '

The section is organized as follows:

General description of the polymerization
process to provide a technical framework for
the understanding of the individual processes.

General description and quantification of
waste stream factors. :

-~ Specific, more detailed description of . the
processes and waste streams. This descrip-
*tion is subdivided into several parts so that
the various aspects of SIC 282 are covered in
a logical format. 1In particular, regarding
plastic resins and synthetic rubber, the

~discussion addresses itself to:

-~ = Processes and waste streams associated
with olefinic polymers ‘

- ' Processes and waste streams associated
with the non-olefinic polymers used in
man-made non-~cellulosic fiber manu-
facture = . :

- Process and waste streanis associated
with the principal other non-olefinic
polymers ;

- Proéesses and waste streams associated
- with the production of man-made -cellu-
losic polymers ' :

-  Processes and waste stream associated.
with the spinning operations. : '
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Noté that for the purposes of this study the term

olefinic polymer refers to those polymers where the main
linkage generally occurs at a carbon-carbon double bond

site.

3.1 Introduction

This section provides a general description of the
pPolymerization process and of the waste streams gener-
ated. :

" The rationale for this approach is that there

exist fundamental similarities among most of the

polymerization processes. However, this section does
not discuss the processes involved in the production of
cellulosic man-made polymers nor the various spinning
processes which are discussed separately in the last
pParagraphs of the following section. This is because:

o Cellulosic man-made polymers are prepared by
" different methods from the production of the
-other synthetic polymers (albeit often at
the same production sites). : .

.. Spinning operations are a different technology
from polymerization. '
3.1.1 General Description of the Polymerization
Process

Ry In general, polymerization is the linking
together of single molecules (monomer) to form ‘
_ repeating units of one or several molecular species.

: Two problems of the polymerization process are:

.The efficient removal of the considerabie
. . amount of heat generated in the process of
polymerization. g

. The change of phase to an extremely viscous
-~ or even solid material of a liquid or gaseous
monomer.

~ These two problems are usually solved simul-
taneously by providing a carrier fluid for the
. final product. In most instances, this carrier
fluid is water; in which case the processes are
described as emulsion or suspension polymeriza-
tion. When the carrier fluid is not water, it can
be an organic solvent. 1In this case, the process
is known as solution polymerization. Another
approach is that of using an excess monomer acting
as a solvent. These processes are known as bulk
polymerization.
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The above processes can be run batchwise, semi-
continuously or continuously.

Pressures involved in the reactions may vary
from near atmospheric to thousands of atmospheres
(40,000 p.s.i.). Temperatures may range from near
room temperature, 200c (70°F) to 175°C (300°F).
Catalysts or initiators may be involved. However,
in most cases they are consumed in the process or
are incorporated in the final product. Spent cata-

" lysts may sometimes become part of the waste stream.:

The following steps that are common to most
processes have been previously listed on p. II-8 and -
include: ; - - :

. Monomer(s) storage _ ;

. Monomer (s) feeding to the reactor ' ‘

. Carrier feeding to the reactor (except for .
bulk processes) ' _ ‘;

.* - Catalyst feeding to the reactor '

. Reaction ‘

. Monomer (s) recovery . ;

. When required, carrier recovery : i

. Processing of the polymer. , , f

These steps and their interactions are presented
in . Figure II-1l.

. In some .instances it is necessary to condition
the monomer by removing the  inhibitor.

. Most facilities produce hundreds of millions of
pounds per year. However, about 10% of the total pro-
duction is carried out in extremely small scale op-
erations, i.e., several thousand pounds per year.

, Tables II-35 and II-36 summarize the production
elements for the major plastics and synthetic rubbers,
respectively. '

3.1.2 General Description Of The Waste Streams From
Polymerization .

The waste streams produced in polymerization are
described next. There are six major classes of waste
streams. K ' ‘
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Table II-35

SUMMARY OF PRODUCTION ELEMENTS IN THE

PLASTIC RESINS INDUSTRY ==

8I1C 2821
Infdator
Prouct Process Carrier Flutd Moomen s ot Catalyst (V) Additives
Polyetirlene @
Low Density Modified Bulk Ethyiene Grganic peroddes
.. High Dengty Solvent Solvem (60- %°C B, P.) Ethylene(?) Zicgler fPhillipe D)
NI)’Vln)-l Chioride &mfdon/!mnuon Water - VCM Lauroy] peraxide . Polyvinyl alcobol, gelstin,
: L azobisisobutyronitrile methylcellulose
ulk Nooe VCM " (same) Proptictary (if any)
Polystyrene Suspention water Styrene Lauroy] peroxide Tricalcium phosphate,
. N 3 buty fepd e " X ay”
Bulk/So} Ethylh Styrene Benzoy! peroxide
Buty] perbenzoate
ABS-SAN Emulsdon Wwater Acrylonitrile, Peroxides Carbon tetrachjoride,
butadiens, syrene shortstcy (hvcro-
' quinine) pigments,
. plasticizers
Polyy!vpi'.um Solution Heptane, cyclohexane Propviene Ziegler (A}, TH) Andoxidapts, fillers, )
xylene plasticizers, antistats
Phenotics BEoulsion ware® Formaldehyde (37% Alkabies or Acids Solvents, ofls, plastcizers,
! phenol and substtuted wood flout, oiher resins,
phenols © e.g. amino retins
Polvesters @ Mass None Polysleohols, dibasic Aceuwstes of cobalr, Styrene, hydroquinone
\ o acid or anbydride manganese or cadmium
Alkyds Fusion /maes) None ' Phthalic anhydride None
" Solvent ‘solut:ion) Xylene, mineral pinu Fanty acids, oils, piveols,
. ’ polybasic acids
Acnylics Emulsion /Suspensior.  Water Acrylates Emulsifiers, persulfates Reducing ageny, femc
: " ammonium sulfate
Solvent Varicus wivent Actylates
Butk Monomer - Methyl methacrylate Peroxides
Polyamides , : . .
Nilon €, € Suspensior Water Hexamethylene diamine " None Acetic acid, TiO -
- . N ) -spirn fnishes
Nvlor € Suspension Water Caprolactam Nylon 6,6 or v amino Acetic acié, Ti0,,
. 2
esproic acid spin finishes

ABS-SAN = Acn'loﬁi!ﬁle butadiene styrene-Styrene scrvlonitrile

(1) Tne rerms catalyst and imatistor are used somewhat interchangeably, in polymenzatior., Injuston are, by Sehimioon, ukd
up ir: the reaction and their decompositior. prod
at the end of the reaction,

(21 Copoly

i
(8 current

sre usually discharged wit). the polymer, Catalysus are seldom separated

q may be vinyl acetate),
{3) Ziegler catalysts = Isopropy] o isobuty] hydrides -« Phillips A ceramic rype chromium oxjde ,
(4) -The water it supplied fror the use of a water solution of formaldehyde (Formalin 37%

(5) The bulk of the production is for fiber and 1s aften carried out in Sber plant (SIC 2824)

Source Foster D, Snell, Inc. analves of industry interviews and litersture informadon.

sluminum oxide finely divided sobd,




‘Table II-36

SUMMARY OF PRODUCTION ELEYVIENTS IN THI

SYNTHETIC RUBBER INDUSTRY ==

$I1C 2822
Product Process Carrier Flufd Monomert s Catalvs! . Additves
SSR.utcx . . Emulsion Water Sr)'rine, Butadiene Peroxides Soa;, Fe or b sals,
v Dodecyl-Mercaptar,
Hydroquinone
SBR Crumt Emulsion Water Styrene, Sutadiene Peroxides - :Scap, Fe or K Salts,
. Dodecyl-Mercaprar,
Hydroquinone
" SER Masterbarch Emulsion Watet Styrene, Butadiene Pzroxides Carbor. Black, Soap,
’ Extender Oil, Dodec: )-
Mercaptar, Fe or ¥ Salts,
Hydroquinorne
&£P Qil Extended Solution - Hydrocarbon Solvent Styrene, Autsdene Lithium Alk;-'ds‘ Extender Oils
: ' : Proprietar, (ethers”)
SIR Cromt Solution !-tydrgcirban Solvent Styrene, Butadiene Lithium Alivds Proprietan (ether:™)
Pol: butadiene Soluton Hydrocarbon Solvent Butadiene Tiwnium, Vanadium, Proprieun
Zirconium Halides,
) (K) Aluminum Allnds
Faltisoprene Solution Hydeocirbor Solvent Lsoprene Aluminur. Trialk)]l  Propnetan (can be oil
' Tiwnium Tetra- extendec) :
- - chloride
Bun) and Chlorobut 1 Solution - Methyl Chloride Hexane isobutylene /lsop A Chioride  Calciur Stearate, ‘Anu-
Rubber ' . oxidan:, Chlorine Gas
(for chlorobun
Mépr:nc Emulgdon Water Chloroprene Potagsium Peroxydi- Naphthalene Sulforac
’ mifate (K), Sulfur  Acid, Formaldehde,
Soap, Tetraethvlthiurar
Disulfide
EPM.! ard EFDTM Y Solution Hyvdrocarbor Solvent Ethylene-Propylene Vanadium Oxvchior  Stabilizer and antioxidar:
‘Ethylidene, Norbomene $de, Alumipum (Proprictan)
Alkylchlorides

Sources (R 4, Morton, “Rubber Te¢hnolog) *. Second Edidon, Van Noswand (1873), Except where noted,
(K) Kirk Othmer, "Encyclopedis of Chernical Technology™. Second Edition, Interscience (1964),
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3.1.2.1 Off-Grade Products

v The main waste stream, in these processes, con-
sists of off-grade products. The reasons are production
upsets, product changes, mechanical failures and abra-

sion in handling.

3.1.2.2 Still Bottoms

This stream originates in monomer or solvent
~recovery. It is composed of high boiling residues
“called still bottoms, which are separated in the dis-

‘tillation process. These residues consist of relatively "

low molecular weight, shortchain polymerized material
and other organic products resulting from chemical
degradation of product or solvent.

3.1.2.3 Spent Adsorbents And Filters

. Granular or pulverulent material (adsorbent)
~is used to condition the monomer by removing traces
of water. This material is eventually discarded, and,
together with the filter elements used from its separation
from the production stream, constitutes a 51gn1f1cant
»SOlld waste stream.-

3.1,2.4 Spent Catalysts

. In some processes, spent catalyst constitutes

‘a separate waste stream. In this industry, in many
cases, the catalyst is allowed to remain in the finished
‘product and thus does not constltute a waste stream. ’
In other cases, the catalyst goes to the wastewater
treatment facility and becomes part of the sludge.

3.1.2.5 Waste Oils
There are two sources of waste oils:

}g, Spillage from gear boxes and bearings of
' rotating equipment

".jn 0il changes.

The spillage usually flnds its way to run- off
sewers or floor drains. If spillage at a plant is
significant, traps are provided to collect the waste
oil. Spent lubricating oils are generally collected

1n drums
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3.1.2.6 Wastewater Treatment Sludges

The plants in which most of the polymerization
processes are carried out have usually some form of
treatment facilities for their wastewaters. The con-
tribution of the polymerization processes does not
constitue, in the majority of cases, the bulk or
even a major portion of the wastewater loads. This is
due to the fact that at most plant locations other
processes are carried out which require large quantities
of process water, and which are more likely to contami=-

~ nate the water with undesirable components.

The treatment of wastewater generated in chemical
pPlants usually involve at least a clarification step.

Clarification may be preceeded by such steps as
PH adjustment and/or the addition of flocculant or
coagulant. Clarification produces a sludge which may
contain solids from the polymerization process. 1In
addition to the catalysts discussed in the previous
paragraph, the primary sludges may also contain fines
from the polymerization processes.

- In addition, there may be a secondary treatment
operation in which soluble contaminants (e.g., alcohols)
from the polymerization are oxidized biologically and
produce a biological sludge.

Because SIC 282 plants are usually part of large

chemical complexes, the contribution of the polymerization
processes to the total wastewater load is minor. '

3.2 Detailed Process Descriptions

In this section, the various processes used to
manufacture the subject polymers are discussed in more
detail. Although many classifications and segmentations
are valid, the general framework for the discussion = =~
is based on a segregation of the processes into five
groups. The first four groups cover the processes used
in the manufacture of the polymers, while the last group

addresses itself to the spinning.
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In view of processing commonalities, the first
group of processes discussed contains those used for
what we call the olefinic polymers. This group en-
.compasses most of the major polymers derived from
olefinic materials, with the addition of vinyl chloride
and acrylonitrile. ‘The group encompasses all the major’
synthetic elastomers and the other major resins (i.e.
polypropylene, polyethylene, styrene butadiene rubber)

A second group consists of the three classes of
polymers used in the non-cellulosic fiber industry.
These are less directly related to the petrochemical
1ndustry because the monomers involved are produced
in chemlcal plants (i.e., acryllcs, polyesters).

A third group consists of other non-oclefinic
resins, usually manufactured by batch processes. 1In
terms of volume of productlon, this group is dominated
by the phenolics and amino resins (i.e., phenolics, -
epoxles, alkyad re51ns)

The fourth group comprises the cellulosic man-made
(or man-modified) polymers (i.e., rayons and acetates).

»3!2.1 Processes And Waste Streams Associated With
' The Production Of Olefinic Polymers

The types of polymers included in this group are
as follows: :

-~ . Styrene Butadiene Rubber (SBR) .

» ... Polyethylene: 1low and high density

. Polyvinyl Chloride and Polyvinyl Acetate

. Polystyrene and other styrene resins (ABS*
and SAN**)

. . Polybutadiene

... . Polypropylene

.. _ Neoprene

.. EPM-EPDM Rubbers

o Polybutenes and Copolymers.

‘Table II-37 111ustrates the waste factors as5001ated
with the above olefinic polymers

The processes used include:
'Emulsron and suspension polymerlzatlon

. . Mass or bulk polymerization
. Solution polymerization.

ABS~ Acrylonltrlle butadiene styrene

** SAN= Styrene acrylontrile
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A series of fj
the processes and w
polymer.

+ . Figure II-2 --

. Figure II~3 --
- Figure II-4 --

. -Figure I11-5 --

. Figure II-6 --

gures are provided to illustrate
aste streams discussed under olefinié
) .

Emulsion/Suspension Polymerization
Bulk or Mass Polymerization

Solution Polymerizat;on, Phillips -
Process

Solution Polymerizatign, Ziegler
Process ’ '

Particle Form Polymerization
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3.2.1.1 Emulsion And Suspension Polymerization

Figure II-2 presents a flow diagram of a typical
emulsion/suspension polymerization process. The
wastes include: :

Off-grade products--fines and scrap pellets
. Still bottoms--polymer waste
. Wastewater sludges.

A large number of polymers are manufactured by
processes in which the monomer is dispersed in an
aqueous, continuous phase during the course of the
reaction. There are technical differences between
emulsion and suspension systems which pertain to the
polymerization reaction itself, but do not have a
bearing on the waste production. Therefore, both
methods are covered by this discussion.

Batch processes are common%y used. Typical
reactor size is 18.9 to 113.5 m>® (5,000 to 30,000
gal.). The batch cycle consists of the continuous
introduction of a water-monomer emulsion with agita-
tion. Polymerlzatlon occurs at about the rate of
monomer addition; the heat of reaction is removed
by cooling tower water circulated through the jacket.
The reactor is vented through a condenser for monomer
recovery; and the condensate, including any water, is
returned directly to the vessel. On completion of
the batch, a short "soaking" time is allowed for com-
pletion of the reaction, and water is then added to
dilute to the desired end composition. The batch is
drawn off through a screen to product storage. Over-
size screenings constitute a waste stream.

: A number of products, polyvinyl acetate for
example, are marketed in latex form with no further
processing required. When the product is isolated and

scld in solid form, the screen latex is pumped to another

tank where it is coagulated. The liquid phase is
separated by centrifugation or filtration and the
cake is dried.
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The emulsion process is probably the most
important in polymer manufacture. It is used in
particular in the productlon of the following
olefinic polymers:

. Styrene-butadiens rubber (SBR)*

. Polystyrené

. Acrylonitrile butadiene styrene (ABS)
. Styrene acrylonitrile fSAN)

. Poininylvchloride (PVC) *

. Polyvinyl acetate (PVAC)

. Neoprene.

3.2.1.2 Mass Or Bulk Polymerization

In these processes, an excess of the monomer
is used as the diluent or carrier fluid. There are
two types of processes:

. Low pressure polymerization
. High pressure polymerization.

Figure II-3 presents a typical bulk or mass poly-
merlzatlon flow diagram.

3.2.1.2.1 ‘Atmospheric Or Low Pressure Mass
Polymerization

A number of important polymers are manufactured
by mass polymerization, a system in which the puri-
fied monomer is allowed to polymerize under controlled
conditions of temperature and reaction rate. Catalysts
and modifiers are used to initiate the reaction, control
its rate, and influence the final molecular weight.
These materials are used in very small gquantities, and
their residue remains in the product. Removal of the
heat of reaction is a difficult problem in this pro-
cess and limits the type of equipment which can be
used.

A substantial production of these polymers is carried
out also by other processes, e.g., solution or mass
(or bulk) polymerlzatlon.
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It is usually necessary to protect the purified
monomers from autopolymerization in storage. The
inhibitor used for this purpose is removed by monomer
preparation. The reaction system is usually continuous,
or multi-stage, and the first step is to bring the
monomer to reaction temperature by indirect heating.
A heat-transfer oil or fluid, such as Dowtherm, cir-
culated from a fired heater, is used. Once reaction
begins, the heat is removed by transfer to cooling
©0il circulated through coils or in a jacket. The
circulated oil is cooled by water in conventional
heat-exchange equipment.

. On leaving the reactor, the polymer contains
unreacted monomer and small amounts of contaminants
and by-products. These materials are removed by j
vacuum stripping. The recovered monomer is then
treated in a rectifier. The contaminants and by-
products constitute the oligomer by-product waste N
(still bottoms). Pure polymer is forced through ex- ‘
trusion to make strands of polymer, which are cooled
in a water bath before pelletizing for storage and
shipment.

Other wastes include off-grade product, polymer
waste and scrap pellets.

Products of this process include:
Polystyrene (PS)
. Acrylonitrile, butadiene, styrene (ABS) -
. Styrene, acrylonitrile (SAN)
. Polyvinyl chloride (PVC).

3.2.1.2.2 High Pressure Mass Polymerization

This process is mainly used for the manufacture
of low density polyethylene.

Ethylene gas is mixed with a very small quantity
of air or oxygenated organic compounds as a catalyst
and with recycled ethylene, and raised to high pressure
in reciprocating compressors.
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The operating pressure is considered to be
confidential information, but the trend in the
industry has been to the highest practical pres-
sures, and literature references to design ratings
of 40,000 psi (2,722 atm) and up are common. At
the operating pressure and at an appropriate
temperature, polymerization is carried out in
jacketed tubular reactors. The heat of reaction
is removed to hot water in the jacket, which cir-
culates through a waste heat boiler for the
generation of steam.

On completion of the reaction, the pressure
is reduced and polymer meeting the specified
properties is separated in flash drums. This
molten material is pumped through a multiple
orifice extruder to an underwater chiller and
chopper to produce polyethylene pellets. A
purge stream of this water is removed and replaced
with high-quality, clean water. The purge is at
a rate sufficient to remove polymer fines generated
‘in chipping. The quantity of fines depends on the
grade of polymer produced and with some grades is
negligible. Wet polymer from the screen is dried
and stored in silos.

The waste factors in the production of low
density polyethylene consist mainly of off-grade
products (1% of total production) and still bottoms
~and waste oils (1% of total production). ~

3.2.1.3 Solution Polymerization

There are two main variants of this process,
basically depending on the type of catalyst used. The
Phillips processes use a chromium oxide or alumina
type of catalyst and the Ziegler processes use metal
alkyd catalyst. A recent variant of these processes
is called the particle form process.

3.2.1.3.1 Solution Polymerization (Phillips Processes)

In this process (Figure I1I-4), the polymer is
dissolved in the reaction solvent as it is formed, and
the catalyst is present as a separate solid phase.

The catalyst system is activated chromium oxide de-
posited on a carrier, such as alumina.
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As the concentration of polymer, or the mole-
cular weight of the polymer in solution increases,
the viscosity of the solution also increases markedly.
This phenomenon places severe limitations on the
processability of the reaction mass. Temperature
control is accomplished by indirect cooling with
refrigerated water, and the viscosity must not be
allowed to exceed a reasonable limit for efficient
heat transfer.

Viscosity is also an important limitation in the
next step, which is the removal of the catalyst by
filtration. From the filter, the catalyst, wet with
solvent, is mixed with hot water and the solvent re-
moved by steam stripping. Solvent-free catalyst slurry
is processed in a skimmer and solid catalyst is pro-
duced as a waste.

The water is recycled to the steam solvent
stripper. Vapor from the steam stripper is combined
with other recovered solvent for purification by
solvent distillation.

The catalyst-free polymer solution is processed
in a system which precipitates the polymer, and then
removes the last traces of solvent by steam stripping,
leaving the polymer as a slurry in water. The poly-
mer water slurry goes to polymerization, and the
filtrate is recycled to the stripper.

Recovered solvent and vapors from the steam
strippers are processed by the sclvent distillation
system.

Dry polymer crumb or flake is blended, melted,
extruded and pelletized. This pelletizing operation
is carried out under water, with cooling and transport
accomplished with recirculated, clean, softened water.
A purge stream amounting to a few percent of the cir-
culation rate is withdrawn to waste. This system is
the same as that already described for the low density
polyethylene process.

The principal product of this process is high

density polyethylene. However, the process is also
used for some copolymers in this family of products.
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3.2.1.3.2 Solution Polymerization (Ziegler
Processes) :

This process (Figure 1I-5) depends on a catalyst
system discovered and patented by Dr. Karl Ziegler.
There have been a number of improvements by companies
using the basic principle, and the name in fact ap-
plies to the catalyst system. Each user has had to
design his own plant. However, it is convenient to
group under this name all polyolefin processes which
employ a reaction solvent in which the polymer pre-
cipitates as it is formed. The catalyst is a rel-
atively complex alkyl, or alkyl halide, of metals
such as titanium and aluminum.

Catalyst preparation, monomer addition, and
reaction proceed as for the solution process described
in 3.2.1.3.1. Temperatures and pressures are lower;
and, because the polymer does not dissolve, problems
caused by excessive viscosity do not arise.

The next step is the removal of the catalyst,
which historically has been the most troublesome
part of the system. The residual catalyst content
of the final polymer must be very low, and for this
reason a system is employed which allows transfer
of catalyst to a separate liquid phase. Aqueous al-
cohol is used for this purpose and the catalyst is
removed in solution, leaving the polymer slurried in
the hydrocarbon solvent.

The agueous alcohol phase is treated to precipi-
tate the catalyst as the oxides (e.g., titanium, alumi-
num) , and these materials eventually appear as finely-
divided suspended solids in the aqueous waste. They
will settle sufficiently to permit discharge of a
clarified effluent. Together with very fine product
waste, these oxides constitute the bulk of the sludge
from the waste treatment plant. This amount to 0.1 Kg
per 1000 Kg of product.

Alcohol is recovered for reuse by distillation.

The agueous phase remaining is the principal waste
product of the plant.
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The polymer slurry is processed by steam
strlpplng, filtration, drying, extruding and pellet-
izing as is done for the solution process, and the
hydrocarbon solvent is purified by distillation.

A small quantity of aqueous waste is recycled to

the alcohol unit.

Products obtained by this process include:

High Density Polyethylene

Styrene Butadiene Rubber (SBR)
Polybutadiene

EPM-EPDM Rubber

Butyl and Chlorobutyl Rubber
Polypropylene

Polybutene

Copolymers of this family of monomers.

3.2.1.3.3 Particle Form Process

The problems of the solution process for poly-
olefins have to a large degree been overcome in a
newer version called the particle form process, and
the method has a growing commercial acceptance for the
manufacture of high density polyethylene, polypropylene
and copolymers (Flgure II-6). There have been three

major changes:

The catalyst (ethylene and comonomer) system

has been modified so that it can be incorporated
into the polymer. Its activity has been increased
to the point that special measures for catalyst
removal are unnecessary for many grades of polymer.

The hydrocarbon solvent system has been modified
so that the polymer is not as soluble and is
obtained as a slurry rather than a solution in

the diluent.

Special design loop-reactors have been developed
which allow the polymerization system to operate
under good control of reaction condltlons and

at satisfactory rate.
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FIGURE II-é6

PARTICLE FORM POLYMERIZATICN
FLOW DIAGRAM
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In this method, catalyst and olefin feed
are added to the reaction mass which is circu-
lated continuously through the loop reactors.
A stream is also withdrawn continuously from the
reactor to a flash drum. Polymer is removed from
the bottom of the flash drum, dried, and processed
through an extruder pelletizer as with the other

methods.

The vapor stream from the flash drum is scrubbed
to remove polymer fines. This step produces a small
quantity of wastewater. Both unreacted olefin and
recovered diluent are then separated from the overhead
stream and recycled to the reaction step.

The products and waste streams of these processes
are essentially the same as reported previously
(3.2.1.3.1 and 3.2.1.3.2).

3.2.2 Non-Olefinic Polymers Used In Fiber
Manufacture

There are three main groups of polymers that are
used in non-cellulosic fiber manufacture: acrylics
and modacrylics, polyamides (nylons) and polyesters.
Olefinic polymers are also used in'the manufacture of
fibers (in particular polypropylene) but the production
of these has already been described. The spinning
methods are described in Section 3.2.5.

A series of figures are provided to illustrate
the processes and waste streams discussed under non-
olefinic polymers used in fiber manufacture.

Figure II-7 =-- Acrylic and Modacrylic
Figure II-8 =-- Nylon "6" (Polyamide)
Figure II-9 -- Nylon "6,6" (Polyamide)
Figure II-10 -- Polyester Resin
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3.2.2.1 Acrylics and Modacrylics

The bulk of this production is carried out by
a suspension or emulsion process (Figure II-7).
The monomer acrylonitrile, together with comonomers
such as vinyl chloride(l) are added to a reactor
kettle at a ratio of about 10 parts of water to one
part of monomer. The reaction is initiated by
redox catalysts and initiators such as ammonium i
perdisulfate, sodium metabisulfite and sulfuric
acid. The common practice is to meter the reactants
and water continuously into the reactor and to ob-
tain the polymerized material as an emulsion over-
flowing out of the reactor. The emulsion is filtered -
continuously to remove large size agglomerates (gels i
or "fish eyes").

‘The filtered material is directed to monomer
recovery where the free monomer is stripped and P
returned to the reactor. The stripped suspension
is then separated by centrifugation, followed by a
water wash, dried in a continous oven and stored for
sale to other processors or for captive use. The
precatalyst is recovered. Generally, in multi-plant
operations by a given company, one polymerization
facility services the various spinning ‘plants.

The most important source of wastes is the
filtering process. The waste stream consists of
the polymer itself, sometimes contaminated with
unreacted comonomer.

‘ The monomer recovery still bottoms are essen-
tially water based and are disposed to wastewater
treatment facilities. They contain low molecular
weight polymer, estimated at 7 kg per 1000 kg
produced.

(1) Kirk-Othmer, Encyclopedia of Chemical Technology (2nd Ed.),
Volume I, P. 333, Interscience Publishers, New York (1963).

Ir-89




FIGURE II-7

ACRYLIC AND MODACRYLIC
FLOW DIAGRAM
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3.2.2.2 Polyamides

There are two main polyamide resins
used in fiber production; Nylon 6 and
Nylon 6,6 (Figures II-8 and II-9). Nylon
6 is essentially a polymer of caprolactam,
and Nylon 6,6 results from the condensation
of hexamethylene diamine and adipic acid,
which are reacted to form nylon salt.

There are two ways to polymerize Nylon
6. They differ essentially in how the
unreacted caprolactam monomer is removed.
In the wet method, polymerized chips are
washed with water and the resulting capro-
lactam solution is eventually concentrated,
after treatment with potassium permanganate,
to a 70 percent solution. This final solu-
tion is separated into a bottom stream con-
taining solid oligomers and high boiling
liquids and reasonably pure caprolactam
which is returned to process. Two solid
waste streams are produced: the permanga-
nate residue which is in the form of a
solid and the still bottoms.

In the second, or dry process, the
unreacted caprolactam is stripped from
the molten polymer under vacuum. In this
process, no waste stream is produced,
except for equipment cleanings and ends
of run.

To make Nylon 6,6, hexamethylene dia-
mine is reacted with adipic acid to give a
nylon salt solution which is decolorized
with adsorbent charcoal. The salt is then
mixed with water and acetic acid and poly-
merized in an autoclave with addition of
delusterant (titanium dioxide). The resin
is then band cast, chopped, blended and
stored for shipment or local use in spin-
ning operations.

A significant waste stream consists of
a filter cake, which is a mixture of spent
carbon, diatomaccous earth and nylon salt
from the decolorizing operation, It amounts
to 0.36 percent of the total production.
Some of the wastewater streams from the pro-




FIGURE 1I-8
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Hexamethylene
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FIGURE II-9

NYLON 6,6 (POLYAMIDE) FLOW
DIAGRAM

(e e, DECOOPANTS
(Adsorbernt)

r— Adipic Acid

Water or Methano}

Nylor Salt
Production

Methano)l
Recoven

T
!

t

!
]

t

Waste Adsorbent
(Filter Cable)

Aqueous Still
Bortoms
Acetc Acid

Water

Polymerizauor

$——Delusterant

4 Off-grade product

I
i
¢
Extrusior,
Pelledzing
-
|
Scrap Pellets
Waste Water
Treatment ‘ Sludges
Nvion €, € Resin

————
Source Foster D. Snell, Inc., and EPa study (Contract No. 68-01-0030)

I1-93

% Total
Wastes Production
Off-Grade 0.30
Products
Still Bottoms
and Waste Oils NA
Others _
Wastewater
Sludge and
Spent Filter
Coke 0.36

Total




cess contain large amounts (1%) of hexa-
methylene diamine. Though this material

is readily biodegradable in the treatment

facilities, it contributes to the biologi- SN
cal sludge formed. ' ; :

3.2.2.3 Polyesters ’ - | j

The polyesters used for fiber production
are glycol terephthalates which polymerize
to polyethylene terephthalate with the forma-
tion of recoverable ethylene glycol (Figure A
II1-10). The primary reactant may be the '
ester, dimethyl terephthalate, in which
case methanol is evolved during the esterifi- , oy
cation reaction preceding the polymerization. |
It is a frequent practice to return the glycol
and methanol streams to the manufacturer. In
this case, whatever still bottoms are associated
with those streams are handled as part of the
glycol or methanol production processes.

The catalysts used in polyester manufac-
ture are reported to include acetates of cobalt, ‘
manganese and cadmium. These catalysts may | ?
obviously give rise to potentially hazardous :
waste streams, particularly in primary sludges
of water treatment facilities. It was not pos-
sible to obtain data on these materials and i
no sludge production was reported.

Some manufacturers acknowledge the presence
in their solid wastes of comparatively large
quantities of zinc compounds. But zinc chloride
is widely used as a solution agent for certain
types of solution spinning and this may consti-
tute a larger source of this ion than the
polymerization operations. '

3.2.3 Non-Olefinic Polymers Primarily Used As Resins

A series of figures are provided to illustrate the
processes and waste streams discussed under non-olefinic
polymers primarily used as resins.

Phenolic resins--Figure II-11

Amino resins--Figure II-12
Coumarone~Indene resins-~Figure II-13
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FIGURE 1I-10

POLYESTER RESIN FLOW DIAGRAM
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Others water | Wash, Drv
‘ ot |
Terephthalic Pelletize i
Acid 0.10 Waste water contairing fines
Total 3.11 Wastewater 1uda '
Polyester Resin _ Treament e S10ECS
Source: Foster D. Snell, Inc., analysis and EPA study (Contract No. 68-01-~0030)
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Epoxy resins--Figure II-14
Alkyd resins--Figure II-15
Polyurethane~-Figqure II-16
Silicones--Figure II-17

The products in this group are arranged according

to two criteria: production technologies and

production volumes. The first three, phenolics, .

amino and coumarone-indene resins, are produced in N

specialized, identifiable facilities with rela- :

tively large yearly production. Within the group, 15

the phenolic resins have the highest production .

volume. The last group, consisting of resins,

epoxy, alkyds and polyurethanes and silicones

are made in thousands of various formulations,

in hundreds of locations with considerable dif-

ferences in the size of plants, in the sophisti-

cation of equipment used and in the production

technologies. The process descriptions for these !

resins are only illustrative. Furthermore, the =
I
|

f

significant variations mentioned above make a
generalization of waste stream data infeasible.

3.2.3.1 Phenolic Resins

These resins are formed by reacting
phenol, or a substituted phenol, with an
aldehyde (Figure II-11). The industry
produces two broad types of resins in this
category: resols and novolaks.

The waste stream from these two processes
consists of partially polymerized material,
containing an excess of phenol, which appears
as a suspension in the water distillates. As )
noted later, no satisfactory method of |
handling this waste stream has yet been devised. ;
Some major manufacturers are reportedly at work
on this problem, but consider the development
of such a method to be a highly proprietary item.

3.2.3.1.1 Resol Manufacture

Molten phenol (Figure II-11l) is fed to
the reaction kettle, followed by formalde-
hyde. This serves to clear the lines of .
residual phenol. A catalyst solution of
sodium hydroxide is then added and the
kettle heated to about 60°C.
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When the desired degree of poly-
merization has occurred, the kettle is
cooled to about 35°C to inhibit further
reaction. The caustic may be neutralized

. in the kettle with sulfuric acid at this
“time. The water from this distillation
forms a concentrated waste of unreacted
materials and low molecular weight resin.

The batch is dumped and, depending
on the specific resin, the batch may be
washed several times and a vacuum may be

used during the dehydration cycle. It is

important that molten resin be handled
quickly to avoid its settling up to an
insoluble, infusible mass, which would
become a waste.

3.2.3.1.2 Novolak Manufacture

. 'Novolak manufacture is almost identi-
cal to that of resol (Figure I1I-11). The
major difference is that sulfuric acid is
used as a catalyst. Because of this,
vacuum reflex must be used to maintain a
temperature of 85-90°C, which is slightly
higher than for resols. The reaction con-
tinues for 3 to 6 hours at which time the
condensate is switched to the receiver and
water is removed by vacuum. The tempera-
ture goes to about 120-160°C. This
reaction does not have to be cooled
because polymerization is complete.

The product is allowed to solidify
or solvents may be added to keep it in a
molten form. If solidified, it is ground
to powder or flake form before being
shipped. '

3.2.3.2 Amino Resins Manufacture

When formaldehyde is reacted with certain
nitrogen containing organic chemicals; in par-
ticular urea and melamine, an amino resin is
formed (Figure II-12). Typically, amino resins
are manufactured in a standard batch polymeri-

zation process. Because many specialty grades .

are made, the batches are frequently small.




FIGURE II-1ll

PHENOLIC RESIN FLOW DIAGRAM

Phenol
Catalyst Formaldehyde
Vacuum
Weigh System
Tanks : . 1
|
Condenser |
|
< y i
S
| ]
Receiver
Reactor
1 A o Wastewater and :
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Products 0.8
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Source: EPA publication EPA-440/1-74-010-a
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FIGURE II-12

AMINO FORMALDEHYDE RESIN FLOW

DIAGRAM -
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Formaldehyde is put in the kettle and the
pH adjusted to about 7.0-7.8. The catalyst,
boric acid, is added and then the urea or
melamine. The pH is adjusted again to near
neutral. The reaction proceeds at 1000C under
atmospheric reflux conditions for about 2 hours.
Then, a vacuum is applied and the temperature
dropped to 40°C for about 5 hours. The system
is then put on total reflux and the pH adjusted
to slightly alkaline. The material may either
be shipped as a liquid or dried and powdered. O

In some instances, formaldehyde is received i
in a pure state. In this case, there is a |
tendency for solid formaldehyde polymers to .
be produced--para-formaldehydes. These are ol
highly flammable solids, giving off strong |
formaldehyde fumes. Bad batches, containing
large excesses of unreacted formaldehyde,
require disposal.

3.2.3.3 Coumarone-Indene Resins

The name of this group of resins is somewhat
misleading. Initially, these resins were con-
densation products of a coal tar fraction con- }
sisting essentially of coumarone and indene.

At present, the bulk of the production is based
on the condensation of various reactive chemi-
cal species present in heavy petroleum distillates
(boiling point in the range of 100°C to 250°C).

In summary, there are two groups of raw
materials:

C-I crudes (coumarone-indene fraction
of coal tar distillates)

. Petroleum distiilates.

Lighter fractions of petroleum distillates
are used in the process as a diluent.

Coumarone-indene resins are manufactured
by two basic methods:

. Thermal polymerization

Solvent polymerization.
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In thermal polymerization (Figure II-13),
the raw materials are blended to a predetermined
composition, then heated under pressure. After
the polymerization has reached the desired
point, the reaction is vented to a condenser
where a distillate (sometimes called "inert")
is recovered. The batch is then steam stripped
under vacuum until the desired hardness is
achieved. The resin is then transferred to
packaging kettles.

The solvent process (Figure II-13) may

-take two forms depending on raw materials. If

the C-I crudes are used as the starting material,
acid and caustic washes are required to remove
amines .and phenols which are present in the
crudes. ' This procedure is not required if
petroleum distillates are the raw material.

This is the only difference between the two
forms.

A polymerization catalyst is used. It is
usually boron trifluoride. The mixture is then
heated until the desired degree of polymeriza-
tion is achieved. At this point, additional
diluent and a mixture of attapulgite clay
and lime are added to the reactor. The mass
is then filtered in a continuous vacuum filter
to remove the clay and lime.

The filtrate undergoes fractional distilla-
tion. The low boiling fractions are recycled
as diluent or burned as boiler fuel. The
middle fractions constitute the desired product
and the still bottoms are sold as a lower grade
product.

The waste streams from these operations are
the clay/lime cake, which may contain some
fluorine and some boron, and the products from
wastewater treatment. In most installations,

- the wastewater treatment includes a trap which

collects the waste oils. These are used as fuel
for the boilers. The final wastewater treatment
consists of carbon adsorption. The spent

carbon is returned to the supplier for regenera-
tion. The amount of carbon and oily wastes
varies according to the product mix. The waste
clay/lime residue is a function of the amount

of resin produced by the solvent process.
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THERMAL PROCESS

FIGURE II-13
COUMARONE-INDENE FLOW DIAGRAM -
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3.2.3.4 Epoxy Resins

The bulk of the epoxy resins are produced
by the condensation of epichlorohydrin with
bisphenol A (4.4'-isopropylidenediphenol).
However, formulation variants involve the use
of other polyols, i.e., aliphatic glycols.
Sometimes epichlorohydrin is reacted with
Novolak type phenolic resins, thus transform-
ing them into epoxy type products.

The final desired properties are obtained
by achieving a combination of basic resin
formulation of the degree of polymerization
desired and of curing agents. These are
added at the point of use, so that the final
products are made by mixing a resin component
with a curing component, very often in equal
or nearly equal volumes. The curing agents
cover a broad range of chemical species:
amines, polyamides, acids and anhydrides, or
even resins of the phenolic or the polyamino
groups.

The bulk of the commercial production is
in the so-called lower molecular weight group
(M.W. 360-650) which is liquid at room tempera-
ture. Higher molecular weight material has
a consistency varying from "taffy" (M.W. 800-
1,000) to brittle solid (M.w. 2,000-8,000).

The highest molecular weight material (M.W.
5,000-8,000) melts at 145-1550C. :

The production processes vary enormously
in technology and capacity. The processes
described in the following paragraphs are only
illustrations. The formulations of the cata-
lysts, which are used to promote the desired
straight line reaction over an undesirable
branching type of reaction, are highly pro-
prietary. :

3.2.3.4.1 Continuous Process

The process described here (Figure
II-14) is a two-step process. Bisphenol A,
epichlorohydrin, catalyst and 50% caustic
soda solution are continuously fed at
appropriate rates to a first polymerizatioh
chamber. The material then passes continu-
ously to epichlorchydrin removal where
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'FIGURE II-14

EPOXY RESIN FLOW DIAGRAM
(CONTINUOUS PROCESS)
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excess epichlorohydrin is removed and
returned to the storage area. The
material stripped from epichlorohydrin
goes to a second polymerization chamber,
where an additional amount of 50%

caustic is introduced at the appropriate
rate. The material leaves the chamber

to go to a washing operation where water
and methyl isobutyl ketone are added

to provide a two-phase system which is
continuously separated, the water phase
heing discarded. A final step consists

of solvent removal. The solvent is then
recycled to the washing operation. The
waste streams in this process are unusable
off grade product and wastewater which
usually has to be treated by a conventional
treatment system.

3.2.3.4.2 Batch Process

In this variant of the process, the
operations of first and second polymeriza-
tion, epichlorhydrin removal, washing and
solvent removal are carried out successively
in the same vessel. However, in this
case, at the end of the operations the
temperature is such that the resin is in
‘the molten state at between 700C and 1500C.
This process is sometimes referred to as. the
batch fusion process. The molten resin
is allowed to solidify and then can be
flaked or ground to a powder. The waste
streams are the same as in the continuous
process. Proprietary catalysts are believed
to be discarded in solution in the wastewaters.

3.2.3.5 Alkyd Resins

Chemically, the alkyl resins are the products
of the reaction (esterefication) of various poly-
hydric alcohols (polyols) with holy basic acids
(e.g.), phtalic or malic acid) and unsaturated
aliphatic acid (fatty acids).

Alkyds are made generally in liquid form
and are further compounded and modified at
their point of use. There are innumerable
formulas and ingredient combinations.
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Individual production units are usually
quite small and often associated with larQer
manufacturing facilities, principally in the
paint and coatings industry SIC 285. ‘

The problem with this particular group
of polymers is that the esterification reaction
between acid and hydroxyl (alchol) groups
(-CHOH and -COOH) releases a mole of water.
Since the reaction is reversible, this water
has to be removed to allow the reaction to
continue to proceed in the desired esterifica-
tion direction. Two main processes (Figure
II-15) are used to achieve this end:

In the solvent process, the reactants
are introduced into a polymerization
kettle. A solvent, such as xylene, is
continuously added to the kettle and
allowed to distill out as an azeotrope
carrying the water vapor. In a solvent
recovery unit, the water is separated
as an agueous stream and the solvent
returned to the kettle.

After completion of the polymerization,
the resin is thinned with a solvent
(xylene) in a thinning tank and the
mixture is filtered to remove solid
waste (off grade product).

In the dry process, also known as fusion
process, the materials are introduced

into a polymerization kettle, a stream

of inert gas is sparged through the mix-
ture to carry out the water vapor formed.
When polymerization is complete, the resin
is transferred to a thinning tank, sol-
vent is added and the mixture is filtered.

3.2.3.6 Polyurethanes

Polyurethanes are obtained by reacting
di-isocyanates or polyisocyanates with polyols
or polyamines (Figure II-16). Many of these
reactions can be carried out at the point of
use in completely unsophisticated equipment
amounting to little more than a kettle with
a stirrer. Formulations encompass literally
thousands of varying combinations of ingredi-
ents, mostly proprietary.
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SOLVENT PROCESS
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POLYURETHANE FLOW DIAGRAM
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The only production of polyurethanes
by SIC 2821 appears to be that of "pre-
polymers." These prepolymers are complex
mixtures of partially polymerized products
and usually of highly proprietary formulation.

The prepolymers are classified as reactive
and non-reactive. These names refer to the
subsequent steps necessary to complete poly-
merization. Reactive prepolymers can poly-
merize by action of atmospheric moisture.

The mechanism of polymerization of the non-
reactive prepolymers can be straight air
oxidation or may require the addition of a
reactant mixture.

Most of the production is carried out
directly from the monomers (often referred
to as compound A and compound B) by plants
outside the SIC 2821. For instance, pro-
duction is carried out by automotive accessory
manufacturers (cushions, padding), by paint
plants or by appliance manufacturers (i.e.,
refrigerators). 1In addition, the global
production figure is only about 50,000 KKg
per year (100 million 1lbs./year).

3.2.3.7 Silicones:

Silicone rubber and resins are made by
the polymerization of several silicone mono-
mers or oligimers. The backbone of the
polymer is based on Si atom(s) rather than
on C atom(s). The silicones are usually
manufactured in extremely complex plants,
which often incorporate in their operation
the production of the monomers themselves.
In-addition, the products of polymerization
are arbitrarily classified between segments
2821 and 2822 of the SIC 282 group and
segment 2869 of the SIC 286 Industrial Organic
Chemical Industries. '

Silicones are produced in only a few
plants in the United States.  The production
methods, processes and even products and
by-products are highly proprietary. '
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The process descriptions and flow
diagrams presented in this study represent
information developed by direct discussion
and interviews with industry representatives
and are limited by considerations of possible
‘inadvertent disclosure of confidential infor-
mation.

In very general terms, there are two
initial parallel operations resulting in
products classified in SIC 2821 and 2822:

. A bulk polymerization step producing
gums and hydrolyzed silanes

An emulsion or suspension polymeriza-
tion process producing silanol fluids.

In addition, there are further processing
operations:

The gums produced by bulk polymerization
are compounded as silicone rubber plastics.

The gums are disposed in solvent and
marketed as dispersion (plastisols).

Further processing of by-product streams

of bulk polymerization leads to the produc-
tion of room-temperature vulcanizing
rubber (RTVR).

An alternative route leading to ‘silicone
‘resins starts with chlorosilane compounds. These
compounds are hydrolyzed in a reactor containing
water and an immiscible solvent. The water
layer containing hydrochloric acid is discarded
and the solvent layer containing the hydrolyzed
silanes is polymerized to silicone resins by
addition of catalyst and heating. Figure II-17
summarizes the process involved.

The following descriptions are illustrative
and are intended to key some reported waste
streams, the exact origin of which is proprie-

tary.
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FIGURE II-17

SILICONE PRODUCTS FLOW
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3.2.3.7.1 Gum Production

Silicone gum is produced by poly-
merization of a mixture of silico-oligomers
in the presence of a catalyst. Volatile
compounds are evolved during the operation
and are partly returned to the process after
condensation and partly disposed of as
liquid wastes. Prior to being fed to the
reactor, some of the oligomers are dried
by adsorption on silica gel type molecular
sieves. These are discarded from time to
time giving rise to a waste stream. Clean-
ings of the equipment and off-grade unusable
products are also disposed of. The product
gums are used as raw materials for the
production of silicone rubber.

3.2.3.7.2 Silicone Rubber Compounding

One type of silicone rubber is produced
by compounding gums, additives and fillers
on a Banbury mixer. The product is further
compounded (refined) on roll mills. These
operations produce a liquid waste stream and
a solid waste stream.

3.2.3.7.3 Silicone Resin Production

The starting materials for this produc-
tion are a mixture of chlorosilanes and
solvent. The first step involves the
hydrolysis of the chlorosilane by addition
of water. This is followed by gravity
or centrifuge separation of the water
layer. The next step is the polymerization
step, sometimes called bodying. This
step is carried out in an agitated kettle
with addition of a catalyst (sometimes a
salt of zinc) and by heating. The solvent
is then stripped cff and usually disposed
of as waste. At this point, some resins
are simply cooled and flaked. Other resins
are obtained by addition of various proprie-
tary ingredients. When the additives
have dissolved, the resin is filtered over
filter presses and allowed to cool. The
waste streams in this process are, in addi-
tion to the waste solvent already mentioned,
the filter cake and some scrap resin--either
off-grade product or from cleaning the
reactors.
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3.2.4 Cellulosic Products

Chemically, there are two fundamental groups
of cellulosic products: the rayons and the acetates.
At present, the bulk of the production of these
materials is for fiber manufacture. However, there
is still a significant production for films (cello-
phane and photographic films of acetate). The
rayons are basically reconstituted cellulose. ' The
acetates are reaction products of cellulose with
acetic anhydride. The most recent form is known
as the triacetate. In the U.S. the term "rayon"
includes man-made textile fibers and filaments
composed of regenerated cellulose. The term
"acetate" has been adopted to indicate man-made
textile fibers and filaments composed of cellu-
lose acetate.

3.2.4.1 Rayon

Chemically, rayon is a modified cellulose,
which is the main constituent of wood pulp. Since
1910 to 1911, the rayon in the United States has
been produced by the Viscose process (Figure II-18).
Wood pulp (pulp) is slurried in a caustic solution
(NaOH), then the excess caustic is expressed and
goes to a dialysis step to separate the hemicellu-
lose formed by reaction of caustic with some
of the cellulose. The treated caustic solution is
returned from the dialysis to the steeping operation.
The treated pulp from the steeping process goes
to a shredding operation which forms crumbs. The
crumbs are aged in the crumb aging operation
under controlled conditions. The crumbs are reacted
in a churn with aqueous NaOH {dilute caustic) and
carbon disulfide (CS;) to form cellulose xanthate.
Proprietary additives are added in a mixer and a
second aging process takes place. ‘Then, the slurry
goes to a deaeration step, followed by a filtering
step, and a viscose solution is obtained that can
be used for a casting operation to form cellophane
on a spinning operation to form fibers.

_ The waste streams from this operation consists
of solutions of hemicellulose and a solid waste,
which is in effect an off-grade product. Difficul-
ties in meeting water effluent guidelines have
resulted, and continue to result, in the decline
of rayon production in the United States. Numerous
large production facilities have been closed down.
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3.2.4.2 Acetates

There are two basic types of acetates
produced in significant quantities. These
materials differ only in the degree of ace-
tylation. When 92% or more of the hydroxyl
groups in cellulose are acetylated, the prod-
uct is referred to as cellulose acetate. There
are no significant differences in the manu-
facturing processes of these materials. A
flow diagram of the process is presented in

- Figure II-19.

After shredding, the wood pulp goes to the
acetylation process where it is treated first
with acetic acid to activate the cellulose.
This is then fed to acetylation reactors where
it is treated with acetic anhydride. A clear
viscous solution of cellulose acetate in water
is obtained.

The product is recovered as a flake by
precipitation with a weak acetic acid solu-
tion and countercurrent water wash. The
flakes are dewatered on a vibrating screen
and dried in an oven. The water stream from
the vibrating screen is filtered and the

- filter cake is returned to the head of the
process; therefore, a waste is not created.
The filtrate is sent to acetic acid recovery.
The acid recovery is performed by extractive
distillation with a proprietary solvent.

The still bottoms include a concentrated
solution of magnesium sulfate, soluble cellu-
lose products and a trace of the solvent.

3.2.5 Spinning Processes

Spinning operations are significantly different
from the polymerization processes described in the
previous sections. Spinning differs from poly~-
merization both in terms of the equipment used and
the type of physico-chemical changes occuring. In
many instarces, a form of further polymerization
takes place; however, this polymerization is in the
form of cross-linking. Cross-linking is similar
in chemical terms to the vulcanization of rubber
which is discussed in Volume III of this report.
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FIGURE II-19

CELLULOSE ACETATE RESIN FLOW DIAGRAM
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Fundamentally, spinning is an extrusion
process (Figure II-20) in which the polymer is
forced through spinnerets either in solution
form or as a melt. The spinning operation may
also be an extension of the basic polymerization
process. When the polymer is in solution form,
it is called a dope. The solvent can be water,
an aqueous salt solution or a water miscible
organic liquid.

There are three basic spinning methods:

Melt spinning where the extruded fiber
solidifies by cooling

Wet spinning in which the fiber solidi-
fies by coagulation in a bath

. Dry spinning where the fiber solidifies
by evaporation of the solvent.

Subsequent treatment may involve stretching,
washing, bleaching, lubricating, crimping and

-~ dyeing. The order of these steps varies accord-
ing to the products treated and the result
desired. =

Spun fibers include monofilament (a single,
untwisted synthetic filament) and yarns, staples
and tow. Staple and tow are produced by chopping
the fibers to desired lengths. Staple in general
has shorter fiber lengths than tow and is used in
further spinning operations characteristic of
typical textile operations. Tow is used in such
applications as filters for cigarettes. Mono-
filaments and yarns are directly processed into
fabrics, ropes, etc.

A synoptic presentation of spinning processes
is provided in Table II-38 for the most common
fibers. Processing steps and wastes generated are
discussed in greater detail in the following para-
graphs for each of these fibers. The discussion
is organized in the order of production volume.
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3.2.5.1 Polyester And Nylon Spinning

The same process (melt spinning) is used
for the spinning of polyester and of nylon
fibers. The polymers (polyester and nylon) are
produced by the processes discribed in the
previous subsections dealing with polyester
and polyomide production.

The polymer is heated to its melt point
and filtered through sand or metallic filters.
The filters are directly ahead of the spinnerets
through which the filtered melt is extruded.
The extruded melt is cooled under controlled
conditions, and solidified fibers form subse-

quently.

Polyesters are dry stretched while nylon
is stretched in steam or hot water baths. = Some-
times, the fibers are crimped and vegetable
oil finishes may be applied.

The wastes generated by this process are
mostly represented by off-grade material. In
many cases, this waste may be depolymerized
or returned to the polymerization processes.
For example, terephthalic acid can be removed
from off-grade polyester fiber and returned to
production. Filtering sand is also a waste.

Metallic filters in most cases do not
represent a significant waste because they
may be regenerated via highly proprietary
techniques.

3.2.5.2 Acrylics

There are two methods which can be used
for the spinning of acrylic fibers: wet
spinning and dry spinning.

. Wet spinning involves two variants:

- In one, the resin is dissolved
in concentrated solutions of
mineral salts. Here, the coagu-
lation process consists of leach-
ing out the metal salt(s) from the
spun fiber by means of water baths.
The salts are usually recovered.
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- In the other wvariant, a water
miscible solvent, for example
dimethylformamide, is used to
prepare the spinning dope. The
solvent is leached out by water
baths. :

The dry spinning process involves the

use of an organic solvent. A recovery
step is required. Recovery steps usually
involve adsorption of the solvent on
activated carbon followed by steam strip-
ping of the saturated carbon and final
recovery by distillation or decantation.

From time to time, the carbon beds are
replaced. If a significant stream is thus
generated, the carbon is returned to the
manufacturer for reprocessing. 1In the case
of spinning from a metal salt solution, the
metal ions eventually end up in the wastewater
treatment sludges. One of the principal salts
thus used is reported to be zinc chloride and,
therefore, the wastewater treatment sludges
contain significant amounts of zinc.

Subsequent steps may involve steam stretch-
ing, dyeing, finishing, crimping and settling.
No significant wastes are generated.

3.2.5.3 Modacrylics Spinning

Modacrylics differ from acrylics chemically
because they are copolymers.

The process used to spin the modacrylic
fibers are similar to those used for acrylics
and may indeed use the same equipment at
certain locations. As an example, the spinning
of Dynel is discussed here.

Dynel is a copolymef of acrylonitrile and
vinyl chloride prepared by the emulsion pro-
cess described in paragraph 3.2.2.1. The

(l)Kirk-Othmer, Encyclopedia of Chemical Technology, 2nd Edition,
Volume 17, pp. 168-209, Intersciences Publisher, New York
(1967). ‘ ‘
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resin is dissolved in acetone and extruded
through a spinneret into an aqueous coagu-
lating bath. After washing to remove the
solvent and after the application of a
finish, it is stretched from five to fif-
teen times its original length. Next, the
fiber is annealed or baked by exposing the
yarn to hot circulating air. This treat-
ment relieves strain and reduces subsequent
shrinkage. Finally, the fiber is crimped,
cut and baled.

Off-grade material constitutes the only
significant waste streams generated in spin-
ning of modacrylics.

3.2.5.4 Rayon Spinning

The rayon is manufactured by the process
described in section 3.2.4.1, in the form of
a solution of cellulose xanthate. This solu-
tion, after filtration and deaeration, is
pumped through spinnerets into a coagulation
bath consisting of a solution of sodium sul-
fate and magnesium sulfate acidified with
sulfuric acid. There are, however, numerous
variants in the composition of the xanthate
solution and of the bath, which are used to
improve the characteristics of the finished
product. :

The solidification of the rayon fiber
in the coagulation bath is a two-step process.
As the cellulose xanthate coagulates, there
is an accompanying chemical transformation
from the xanthate salt to pure cellulose.
This is called regeneration and it precedes
coagulation.

The net effect of the addition of chemi-
cals to the xanthate solution and/or to the
bath is to increase the time lag between these
two steps, resulting in an improved tenacity
of the fiber. Among the additives reported
in the literature are substituted ethylene
diamines and dithiocarbamates. Metallic salts,
such a?lfinc chloride, are also used as addi-
tives. :

(l)Kirk—Othmer, Encyclopedia of Chemical Technology, 2nd Edition,
Volume 17, pp. 168-209, Intersciences Publisher, New York
(1967).
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The complex nature of the bath associated
with the spinning of rayon requires extensive
water treatment facilities. The mineral salts,
such as zinc chloride, are precipitated out
as sludges. These sludges constitute the
main waste stream from rayon spinning and
may contain leachable metal ions.

Other waste streams that are generated
consist of off-grade material which
is discarded or returned to the head of the
viscose production stream.

3.2.5.5 Cellulose Acetate And Triacetate.
Spinning

Cellulose acetate and cellulose triace-
tate fibers are produced by a dry spinning
process. In this process, cellulose acetate
or triacetate, prepared by the process described
in section 3.2.4.2, is dissolved in a solvent
to form a dope.

. In the case of cellulose acetate, the
solvent used for the manufacture of the
dope is acetone.

. In the case of triacetate, the best
solvent is a mixture of methanol and
methylene chloride.

The dope is then spun through a splnneret as
shown in Figure II-20.

The solvents are evaporated from the
spun material by means of a hot air stream
and adsorbed on carbon. The evaporated
solvent is regenerated by steam stripping of
the saturated carbon followed by distillation.
No waste stream is generated by solvent recovery.
The only further processing step is reported to
be fiber lubrication.

* * *

The wastes associated with spinning opera-
tions are shown in Table II-39.
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4. WASTE CHARACTERIZATION FOR THE PLASTIC MATERIALS AND
SYNTHETICS INDUSTRY

For the purpose of waste characterization, no valid reason
exists to maintain the SIC segmentation of SIC 282. A more
reasonable segmentation is between the polymerization and the
spinning operations since these topics are more descriptive
of the actual conditions in the industry.

The previous section described the processes used and waste

streams generated in the segments of SIC 282. The present section:

. Identifies and quantities general waste streams
found in our industrial analysis through field
visits, interviews and literature studies.

. Pinpoints the streams which have been found to be
potentially hazardous.

Quantifies the wastes for the years 1974, 1977 .
and 1983.

Qualificafion of waste streams were presented in Table II-37 for
the polymerization operations and in Table II-39 for the spinning
operations.

4.1 Waste Stream Characterization In Polymerization Operations

- The identification and quantification 0f the waste streams,
particularly in an industry group like SIC 282, is complicated
by several factors. Sone of these factors are as follows:

. - Location of the production facilities =-- e.g.; single
‘ or integrated, and, if integrated, with that

Relative importance of the process at a given
location of the production facilities

. Unquantifiable and variable distribution of pro-
ducts among various production processes -- €.g.,
emulsion and sclution SBR :

Unquantifiable and variable distribution of raw

materials in such groups as epoxy, alkyds,
polyurethanes, silicones.
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Another important factor is the presence of two typés
Qf waste streams:

Well-defined waste streams bearing a fairly
constant quantitative relationship to the
production volume, e.g., still bottom

. Fortuitous waste streams, characterized by a
lack of consistent magnitude, composition, and
dependency on extraneous factors, e.g., product
changes, human errors, instrument failures.

The field study indicated that the fortuitous waste
streams constitute the bulk of the streams, both in number
and degree of importance. For instance, it was found that
a very important waste stream was that of the irrecoverable
of f-grade product. The sources of this stream include
ends and beginnings of runs, reactor cleanings, spillages,
and production upsets.

Further complicating the characterization of some waste
streams is the highly proprietary nature of some of the
materials involved. In certain product groups (e.g., alkyds
epoxy resins, acrylics, and modacrylics), the monomers
themselves are proprietary. Almost invariably the exact
nature of the catalysts cannot be divulged. Spinning bath
compositions are also proprietary.

Within these restrictions, a review of the individual
waste streams reported by the interviewees during the field
visits is presented in the following paragraphs. The
order of presentation is according to decreasing production
volume of the particular group of polymers. Subcategories
(e.g., polyvinyl acetates) are discussed with the main group,
regardless of their individual production levels.

4.1.1 Polyesters

The bulk of pdlyester production is for use in the
fiber industry. Much of the production is captive.

The polyesters most widely used are giycol
terephthalates, which polymerize to polyethylene
terephthalate with production of ethylene glycol as
a by-product (Section 3.2.2.3 Figure II-10; Process
Flow Diagram). The ethylene glycol is either processed
at the polymerization site or returned to the supplier.

~In many instances, the primary reactant may be dimethyl
terephthalate, in which case a by-product of methanol
is produced by transesterification. Usually, this also
constitutes a valuable stream which is returned to the

supplier.
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: The literature(l) indicates the use of acetates
of cobalt, manganese or cadmium as catalysts. How-
ever, the published flow diagrams do not involve a
catalysts removal step, nor have any of the inter-
viewees reported such a step. Wastewater treatment
facilities are incorporated at most production loca-
tions and the metallic ions associated with the
process may appear in the sludges.

Some manufacturers indicate the presence in
their solid wastes of large quantities of zinc com-
pounds. .However, zinc chloride is used as a solution
agent for certain types of wet spinning operations,
and this may constitute the largest source of zinc
ion. It is to be noted also that polyesters, as
esters, are readily hydrolyzed so that depolymeriza-
tion of off-grade waste products are returned to
production.

Other wastes include off-grade products still
bottoms, waste oils and unreacted terphthalic acid.

4.1.2 Polyamides

The waste stream from Nylon 6 production (Section
3.2.2.2, Figure II-8) consists of manganese hydroxide
mud from purification of the recovered caprolactam
stream and the still bottoms from caprolactam dis-
tillation. ‘

The main waste stream from Nylon 6.6 (Section
3.2.2.2, Figure II-9) production is the spent carbon
from the decolorization step. Another stream con-~
tributed to by this operation is the biological sludge
formed as part of the biological degradation of hexa-
methylene diamine, one of the starting materials.
Off-grade products may account for 2 Kg/KKg of pro-
duction (0.3%).

(1) Kirk-Othmer, Encyclopedia of Chemical Technology (2nd
Edition), Vol. 16.
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4.1.3 Acrylics And Modacrylics

In acrylic production (Section 3.2.2.1, Figure
I1-7), the main waste stream (agglomerate wastes)
results from filtration after the polymerization
reaction has taken place. The waste can contain
large particulates of the polymer referred to as
gels or "fish eyes." Monomer recovery still bottoms
are another source of waste. These wastes are aqueous
and are treated in the wastewater treatment facilities.
They may contribute oligimers to the wastewater sludge.

The operation at one specific plant is said to
involve a moderately toxic metal ion which is pre-
cipitated as a primary sludge. To disclose the ion
or the operation would, however, be contrary to the
competitive interests of the interviewee.

4,.1.4 Low Density Polyethylene

The production technology of this product
(described in Section 3.2.1.2.2) is reasonably uni-
form. The only waste streams identified are:

Spent lubricating oils from the compressors,
which may be found in other polymerlzatlon
and spinning processes

Oligomers from the monomer recovery

Off-grade products, which may amount to 1.0%
(10 Kg/KKg of production.

The production does not involve the use of
identifiable catalysts.

4.1.5 High Density Polyethylene

The variation of the processes used in the
production of polyethylene resins contributes to
the difficulty in quantifying the waste streams.
It is known that the bulk of the high density
polvethylene is still manufactured by variants
of two solution processes: the Phillips process
and the Ziegler process (Section 3.2.1.3. Figures
II-4, II-5). However, no quantitative data can
be obtained as to the production distribution
among the two processes because such information
would be proprietary. Yet, there are very signi-
ficant differences in the waste streams produced
by each process.
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To complicate matters further, a new variant
of these processes, the particle form process (Sec-
tion 3.2.1.3.3., Figure II-6) has recently been
introduced. From the standpoint of waste streams,
the most important aspect of this latter process is
that there is no catalyst removal step. 1In the
Ziegler process, an agueous catalyst removal step
is involved which eventually produces aluminum and
titanium oxides. In the Phillips process, the cat-
alyst is separated as a finely divided solid con-
sisting of a ceramic-type mixture of alumina and
chromium oxides. Because of the ceramic nature of
the catalyst, there is no chromium leachate.

In addition to these streams, there are off-
grade products and, in the Ziegler process, bottoms
from aqueous alcohol recovery. This latter stream
goes to the wastewater treatment facilities where
it contributes to the production of biological sludges.

4.1.6 SBR Rubber

Two methods are used in the production of SBR
rubber: The solution polymerization process and
the emulsion polymerization process.

If the solution process is used, the washed
butadiene stream has to be dried in an absorbent
The adsorbent can be regenerated over many cycCles;
but it must eventually be discarded, and it thereby
creates a waste stream. When Ziegler type catalysts
are used in the solution process (Section 3.2.1.3.,
Figure II-5), the typical alumina and titanium dioxide
sludges are also produced, constituting another source
of wastes.

In the emulsion process (Section 3.2.1.1., Figure
II-2), wastewater treatment sludges constitute another
waste stream. A waste stream, at certain locations,
~consists of the alkaline wash used to remove catechol,
which stabilizes the butadiene stream. Both emulsion
and solution processes contribute to this type of
waste stream.

Additional waste streams may be generated where
master batching constitutes a significant proportion
of the production. These include:
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. Carbon black dusts (sometimes in the form
of a wet scrubber sludge.)

. Waste additive oils resulting from spillages
or production upsets. These are often caught
in special traps or pits.

Storage tanks and equipment cleanings also con-
tribute to waste streams, as do off-grade products,

4.1.7 Polyvinyls )

Polyvinyl chloride and polyvinyl acetate are the
main products in this group. Polyvinyl chloride is
produced in greater quantity. The two main processes
that are used are suspension or emulsion polymerization
and bulk polymerization.

Waste streams generated in suspension or emulsion
polymerization of polyvinyl chloride include:

. Off-grade finished product, which can be as
high as 2.0% of total production.

Wastewater sludges, amounting to 1l Kg/KKg
of production (1.1%) and possibly in-
cluding vinyl chloride monomer from reaction
cleanings '

Fines from polymer separation

Sweepings, which can include dusts (although
with current OSHA requirements, dust produc-
tion should be reduced)

Scrap pellets.

Waste streams constituted in polyvinyl acetate
production include off-grade products (discolored
resin chunks), which are estimated to be 10 Kg/KKg
of production. 1In addition waste streams may be
generated by: '

. Still bottoms containing olisomers and vinyl
chloride dissolved in vinyl acetate

Filtered latex waste when polyvinyl acetate
is processed as the latex ' '

. Vinyl acetate copolymer.
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4,1.8. Polypropylene

Polypropylene is produced by a variety of process
variations quite similar to those used for high density
polyethylene (Section 3.2.1.3.2, Figure II-5). The
general waste streams associated with polypropylene
and high density polyethylene are similar. However,
as with high density polyethylene, the variability
contributes to the difficulty in quantifying the
waste streams.

off-grade products are estimated to account for
0.5% of total production. Still bottoms and waste
oils may account for 10 Kg/KKg of production, thus
constituting another source of waste. Amorphorous
polypropylene may, under adverse economic conditions,
constitute a portion of the still bottoms. However,
this material can be used for certain applications,
e.g., adhesives. ‘

In those plants using variations of the Ziegler

process, an aluminum hydroxide waste stream is generated.

Newer variations (particle form process, Section
3.2.1.3.3., Figure II-6) utilize more efficient cat-
alysts that can be left and incorporated into the
finished product. Other sources of waste streams
include:

Fines water streams and dust collectors
Wastewater treatment sludges

Aqueous wastes with polymer solids
Scrap flakes.

4.1.9 Other Synthetic Rubbers

The waste streams encountered in production of
such rubbers as neoprene, EPM, EPDM and polybutadiene
are similar to those encountered in SBR production
(Section 3.2.1.1., Figure II-2). These would include:

. Wastewater treatment sludges

Scrap

Fines in sludge water

FPines from dust collectors.
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In addition, spent adsorbent and spent catalyst
constitute a waste stream with these other synthetic
rubbers. At one location, vanadium waste stream is
produced from the used catalyst; however, the metal
is reduced to 1 ppm when diluted in other plant waste-
waters. The still bottom and waste 0il streams are
estimated to be 60 Kg/KKg of production of neoprene.

4.1.10 Phenolic Resins

The phenolic resins (Section 3.2.3.1.1., Figure
II-11) present waste streams which deserve consider-
able attention. Water is generated during the reaction
and is distilled off from the reactors. There is en-
trainment of oligomers, unreacted phenols, and other
organic components in this very significant water
stream. This source of waste is estimated (on a wet
basis) to be about 500 Kg/KKg of product produced
with an organic content of 5% to 15%. These wastes
also contain large amounts of phenols, substituted
phenols and cresols in addition to other organic
components. As previously mentioned in Section 3.2.3.1.,
no satisfactory method of handling this waste stream
has been devised. These wastes are essentially hazardous
and are discussed in Section 4.3.

Other significant waste stream sources are com-
posed of off-grade product (which is estimated to be

8 Kg/KKg of product produced) and wastewater
sludge which is estimated to be 60 Kg/KKg and which

may contain partially unreacted product.

4.1.11 Amino Resins

The proceés flow diagram for amino resins was
previously presented in section 3.2.3.2. Figure
II-12). Waste stream identification includes:

Off-grade material constituting an estimated
10 Kg/KKG of product produced

A significant proportion of production in
still bottoms and waste oils (42 Kg/KKg)

Filter cake from the production of liquid
resins.

In addition, wastes are generated from bad pro-
duction batches, usually caused by unreacted formalde-
hyde. One solvent (methanol) may also be part of wastes
produced, depending upon the efficiency of the system.
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4.1.12 Coumarone~Indene

These resins (Section 3.2.3.3, Figure II-13
are almost insignificant in terms of production
volumes as compared to the large volume of poly-
ethylenes in vinyl chlorides. They are practically
free of waste streams. The petroleum distillates
may be utilized as boiler fuel. Still bottoms
(lower-grade material) are sold at a discount.

The major waste stream consists of spent

clay (36 Kg/KKg of production). This results

from those processes that use boron trifluoride as a

catalyst during the polymerization step. Attapulgite

clay and lime are used to remove boron/fluorine and

spent catalyst. The resulting spent mixture is

filtered out and consists of about 60% clay/calcium

hydroxide and 40% organic residue. The boron

trifluoride or its decomposition products are likely ‘

to be in this waste stream. ' |
|
|

4.1.13 Alkyd Resins

The products contalnlng alkyd resins are
extremely numerous and vary greatly. Therefore, |
generalizations based on the necessarily limited i
field investigations are of limited validity. Sec- i
tion 3.2.3.5 previously described general produc-
tion (Figure II-15).

Wastes usually associated with alkyd resin
production include:

. Off-grade product (1 Kg/KKg of produc-
tion) ‘
. Sweepings from warehouse wastes.

Bulk shipping of monomers in a production
fa0111ty is the exception rather than the rule.
Therefore, when solid, these monomers contribute
significantly to the composition of warehouse
wastes and represent a measurable fraction (0.1
Kg/KKa of production) of the production volume.




4.1.14 Epoxy Resins

These resins (Section 3.2.3.4, Figure II-14)
are condensation products of epichlorohydrin,
bisphenol A and other co-monomers. The observa-
tions made for the alkyds (in Section 4.1.13)
apply equally well to this group of products.

The identifiable, but highly variable waste
streams, could not be quantified but include:

. Off-grade prbducts

. Off-grade raw materials
Still bottoms
. .Waste solvents (xylene).

4.1.15 Polyurethanes

The bulk of the production (described in
Section 3.2.3.6, Figure 16) is performed at the
manufacturing site where end-use products are
made. Prepolymers are centrally manufactured in
some plants in equipment which is sometimes even
used for the manufacture of other groups of products, !
e.g., alkyds or epoxy. This equipment consists of
batch reactors equipped with condensers which can
work either as reflux or distillation condensers.
waste streams consist of washlngs, filter cakes,
oligomers and solvents.

The

4.1.16 Silicones

As previously discussed in production pro-
cessing of silicones (Section 3.2.3.7, Figure II-17),
specific quantification of waste streams in silicone
production is difficult. The waste streams include
off-grade products which constitute an estimated 54
Ka/KKg of production. Still bottoms and raw material
waste oils are estimated at a 58 Kg/KKg of production.
Other estimated wastes include spent adsorbent and
scrap (33 Kg/KKg of production).

Additional sources of waste stream generation
include:

. Waste solvent from silicone resin production

. Filter cake used in a filtering step of
silicone resin production.
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4.1.17 Cellulosic

The waste streams from the viscose rayon
process are essentially aqueous solutions, semi-
solids (hemicellulose), fine slurries and
sludges (Section 3.2.4.1, Figure I1I-18).

In the production of acetate and triacetates
(Section 3.2.4.2, Figure II-19), the waste streams
also include recovered acetic acid streams, which
are usually reused in process or recovered for other
purposes. Heavy concentrations of magnesium sulfate
salts are also encountered. Cellulosic sludges .
are also produced.

4.2 Waste Stream Characterization In Spinning Operations

The spinning processes produce essentially three
types of wastes (Figure II-20):

. Various types of off-grade products at
various stages of manufacture

. Sludges from the treatment of waste baths
. Still bottoms from solvent recovery.

In the following paragraphs, the specific nature
of the waste streams associated with the various fibers
and the various spinning methods are discussed in more
detail. As usual, the discussion follows the order of
decreasing importance in terms of weight processed.

4.2.1 Polyester Spinning Wastes

Because these products are generally spun from
the molten state and because the material which
has to be discarded for one reason or another
can either be remelted or depolymerized, off-grade
product wastes are insignificant. The waste
sand, where sand filtration is used ahead of the
spinneret, constitutes an insignificant stream.

A stream of waste finishes exists in some
operations. This stream has been reported as
being recovered in oil traps at a wastewater
treatment facility.

Finally, a stream of triethylene glycol is

sometimes produced from cleaning operations. It
can usually be recovered.
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4.2.2 Nylon Spinning

Nylon is spun from the molten state. The only
waste streams from the spinning and finishing opera-
tions are said to be irrecoverable waste fiber and
yarn, biodegradable and non-biodegradable finishing
oils. In addition, a small stream of lubricant
from various pieces of equlpment is encountered
in some installations.

4.2.3 Acrylic And Modacrylic Spinning

From the standpoint of waste generation, at
least three widely different methods of spinning
acrylics have been reported. Two methods are
variants of the wet spinning process and one is
a dry spinning method. The significant factor
in the wet spinning process is the type of solvent
used to form the dope. 1In certain instances, the
acrylic material is dissolved in high concentrations
of metal salts in water. In another variant, a
water miscible solvent is used. Obviously, the
wastes are quite different, depending on what
process is used.

Large amounts of sludges containing metal ions
have been acknowledged at several locations. A
frequently mentioned ion has been zinc. On the other
hand, some other installations (or some lines in
the same plant) use different processes, e.g., dry
spinning. In this case, a volatile solvent is
used rather than a metal salt solution, still
bottoms may be obtained and also biological sludges,
if there is a biological treatment. It is diffi-
cult, therefore, to generalize the waste streams
since distribution of the production across the
three methods is not known. The dry spinning
method is used for some modacrylics and is said
not to produce any significant waste other than
off-grade material.

4,2.4 Acetate And Triacetate Spinning

The spinning of acetate and triacetate fiber
involves the dry spinning methods and exhibits
the characteristic waste streams of this method.
The main waste stream is off-grade material which
can be hydrolyzed and returned to process.
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4.2.5  Rayon Spinning

The spinning of rayon involves complex baths
which have to be periodically readjusted or cleaned.
Considerable wastewater containing high concentra-
tions of all kinds of salts, organic and mineral
compounds is generated. Extensive wastewater
treatment is required with production of large
amounts of sludges, which may contain leachable
metallic ions.

In addition, warehouse dusts:and sweepings
may be generated in the handling of chemicals
constituting the baths or added to the dope
formulation. The use of such materials as dia-
mines and dithiocarbamates has been reported.
Large amounts of zinc salts are also reported to
be used.

Potentially Hazardous Waste Streams And The Criteria
For Their Classification

This section addresses streams which are designated

as potentially hazardous when rated against the criteria
of toxicity, flammability, etc. The streams identified
as potentially hazardous include:

SIC 2821 ~- Plastic Resins

- Wastes from phenolic resin production
- Amino resin waste streams

- Antimony and manganese catalyst waste
from polyester production (1)

- Still bottoms from solvent or monomer
recovery in:

.. ABS-SAN resins
.. Polystyrene
. Polypropylene
Silicone
- Warehouse dusts from alkyd production

(1)Polyester waste stream is listed under SIC 2821 to reflect
the fact that the stream is gererated at the polymerization

step.

It is understood that a considerable amount of

polyester production occurs in SIC 2824.
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. SIC 2822 - Synthetic Rubber

- Still bottoms from solvent oOr monomer
recovery in

‘o SBR via the solutioh process
. Polybutadiene rubber
. Neoprene rubber

. SIC 2823 -- Cellulosic Manmade Fibers

- Diamine and dithiocarbamate dusts and
powders from rayon production

- Wastewater treatment sludges from
rayon production

SIC 2824 -- Non-Cellulosic Manmade Fibers

|
- Zinc containing sludges from the {
spinning of acrylics and modacrylics., |

By and large, company personnel in the plants visited
are acutely aware of the potentially hazardous nature of s
the streams identified by the study team. _ :

4.3.1 Criteria For The Classification Of Waste
Streams As Potentially Hazardous In The
Plastic Materials And Synthetics Industry

A potentially hazardous waste stream refers to
any waste or combination of wastes which pose a sub-
stantial present or potential hazard to human health
or living organisms because such wastes are suspected

of being:
Toxic (including carcinogenic)
Flammable or explosive

. Corrosive or reactive

. Biologically magnified or persistent.

IT-138




These types of hazards represent four out of five
basic hazardous characteristics of wastes which
were established in EPA's report to Congress,
Disposal of Hazardous Wastes. The fifth character-
istic, radioactivity, does not apply to the wastes
generated by SIC 282.

According to the mandate given to Foster D.
Snell, Inc., by EPA, detailed original toxicological,
chemical and biological investigations to determine
the potential for hazard creation by the literallv
thousands of substances in these industries which’
may become wastes was not a requirement. Instead,
reliance on published sources which are compendia
of much of the required information was the preferred
approach. The sources chosen were:

. Reference 1 -- Dangerous Properties of
Industrial Materials (4th Ed.) N. Irving
- Sax (New York: Van Nostrand Reinhold
Company, 1974).

. Reference 2 -- Clinical Toxicology of
Commercial Products (3rd Ed.) Gleason,
Gosselin, Hodge and Smith (Baltimore:
The Williams & Wilkins Co., 1969).

. . Reference 3 -- A Study of Hazardous Waste
Materials, -Hazardous Effects and Disposal
Methods, Booz, Allen Applied Research, Inc.,
United States Environmental Protection
Agency (Contract #68-03-0032) (Cincinnati,
Ohio: 1972).

For the purposes of this study, oral toxicity was
accepted as the basis for defining a toxic substance
because more data are generally available to support
published conclusions based on this parameter.
Hazardous rating scales from these publications ‘are
presented in Appendix A, Methodology. Information
from these sources were supplemented by the companies
interviewed and judgments of the study team. Chemical
analysis of spot samples of wastes obtained from
industry sources aided in the quantification and
substantiation of some of the streams classified as
potentially hazardous.
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During the course of the study, the following
hazardous constituents were found to be in the wastes:

. Phenols

- Antimony, zinc and manganese ions

. Aromatic and chlorinated hydrocarbons
Diamines and dithiocarbamate dusts
Maleic anhydrides.

The discussion below briefly presents information on
why these substances are considered to be hazardous.
The next section, 4.3.2, relates the substances
identified to specific waste streams generated by
this industry.

4.3.1.1 Phenols

Phenols have been assigned (1,2,3) a high
hazard rating. That is, death or permanent injury
may occur after very short exposure to small quan-
tities. 1In acute phenol poisoning, the main effect
is on the central nervous system; chronic poisoning,
following prolonged exposures to low concentrations
of the vapor or mists, results in digestive dis-
turbance (vomiting, difficulty in swallowing, exten-
sive salivation, diarrhea, loss of appetite), nervous
disorders and skin irritations. Chronic poisoning
may terminate fatally in cases with extensive damage
to the kidneys or liver. Phenols have been assigned
a moderate hazard rating(3) for flame, explosion
and reaction in soil.

(1) Dangerous Properties of Industrial Materials (4th Ed.) N. Irving

(2)

Sax (New York: Van Nostrand Reinhold Company, 1974).

Clinical Toxicology of Commercial Products (3rd Ed.) Gleason,

Gosselin, Hodge and Smith (Baltimore: The Williams & Wilkins
Co., 1969).

(3) A Study of Hazardous Waste Materials, Hazardous Effects and

Disposal Methods, Booz Allen Applied Research, Inc., United

States Environmental Protection Agency (Contract #68-03-0032)

(Cincinnati, Ohio: 1972).
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4.3.1.2 Antimony Zinc And Manganese Ions

Antimony compounds have been assigned highly(l)
and extremely(2) toxic ratings. 1In humans, com-
plaints referable to the nervous system have been
reported. Animals exposed to fumes of antimony
oxide have developed such symptoms as pneumonitis,
fatty degeneration of the liver, polymorphonuclears
and damage to the heart muscles.

Zinc salts have been assigned(3) a toxicity
rating of very toxic. Toxicity and toxic actions
are like those of copper salts. They produce irri-
tation or corrosion of the alimentary tract with .
pain, emisis, etc. 2Zinc exhibits its greatest
toxicity towards fish and aquatic organisms. 1In
soft water, concentrations of zinc ranging from
0.1 to 1.0 mg/liter have been reported to be lethal.
The toxicity of zinc salts is increased at lower
concentrations of dissolved oxygen in about the
same proportion as for lead, copper and phenols,
€.g., the lethal concentration at 60% saturation
of dissolved oxygen is only about 0.85 that at [
[ . 100% saturation. W

Manganese salts are regarded(z) as being
moderately toxic to humans. As with industrial
eéxposure to dust, nervous symptoms predominate.

In ground water subject to reducing conditions(4)
manganese can be leached from the soil and occur

in high concentrations. Many organisms are capable
of concentrating manganese in their bodies to many
times above the concentration in sea water.

4.3.1.3 = Aromatic And Chlorinated Hydfocarbons

Aromatic hydrocarbons are regarded(z) to be
very toxic and in many cases quite flammable. These
materials are toxic by all portals of entry. Some
aromatic hydrocarbons are suspected of being carcino-
genic agents. Chlorinated hydrocarbons are under
suspicion of being carcinogenic. Chlorinated solvents
are liver and kidney poisons and central nervous
depressants .

(1) Dangerous Properties of Industrial Materials (4th Ed.) N. Irving
Sax (New York: Van Nostrand Reinhold Company, 1974).
- (2) Clinical Toxicology of Commercial Products (3rd Ed.) Gleason,
j Gosselin, Hodge and Smith (Baltimore: The Williams & Wilkins
Co., 1969). -
l (3) A Study of Hazardous Waste Materials, Hazardous Effects and
| _ Disposal Methods, Booz, Allen Applied Research, Inc., United
| States Environmental Protection Agency (Contract #68~03-0032)
| (Cincinnati, Ohio: 1972).
| : (4) wWater Quality Criteria, McKee, Y.E., H.W. Wolf, Eds., Resources
Agency of California State Water Quality Control Board.
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4.3.1.4 Diamines And Dithiocarbamates

Phenylenediamine, for example, is regarded (1)
as being very toxic. Indeed, it is a suspected
cause of bladder tumors in “"aniline" workers.

Dithiocarbamates are also regarded as being
very toxic.. Zinc dibutyldithiocarbamate is a
recognized!2’) carcinogen._ The diethyl and dimethyl
analogues are recognized(4) as heing carcinogenic),
as well.

4,3.1.5 Maleic Anhydrides

Maleic anhydride, when reacted with water, will
produce heat. When heated, it will emit toxic fumes.
In addition, its acute local and systemic effects

are rated high for humans.

4.3.2 Potentially Hazardous Waste Streams

The following discussion presents those waste streams
which are potentially hazardous and the rationale behind

their classification, case by case.

- Foster D. Snell,Inc.,analyzed waste samples obtained
from industry sources to spot check the assumptions made
as to components and concentrations constituting the
wastes. The results of the analytical program and the
methodology employed in the analysis of wastes are pre-
sented in Appendix B.

4.3.2.1 Wastes From Phenolic Production

The wastes from phenolic production present
themselves in the form of: solutions containing a
large amount of water with variable concentrations
(5% to 15%) of the organic materials, specifically
phenols and discarded off-grade, partly unreacted
products also containing excess phkenols. This waste
stream has high toxicity because phenol compounds

are present.

4.3.2.2 Wastes In Amino Resins

In at least one instance, the disposal of partly
unreacted amino resins has been mentioned. This
stream is fortuitous in nature, resulting from equip-
ment breakdown or human error. However, its occurrence
over a period of time cannot be discounted.

(1) Clinical Toxicology of Commercial Products (3rd Ed ) Gleason,
Gosselin, Hodge and Smith (Baltimore: The Williams & Wilkins
Co., 1969).

(2) Dangerous Properties of Industrial Materials (4th Ed.) N. Irving
Sax (New York: Van Nostrand Reinhold Company, 1974).
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The toxicity of the streams results from excess
unreacted formaldehyde. In addition, an overhead
stream of formaldehyde contaminated methanol is
produced. This stream is considered hazardous
because of the toxicity of formaldehyde combined
with the high flammability of the mixture.

4.3.2.3 - Antimony And Manganese Catalysts In
Polyester

The literature indicates the use of acetates of
cadmium, cobalt and manganese in polyester production.
In addition, the antimony-containing catalyst has
also been mentioned in the industry interviews. A
stream of waste catalysts (as distinct from a potential
catalyst sludge, which was not mentioned in any
interview) originates from the very dust control
equipment installed to protect the workers handling
this material. The toxicity of this stream results

from the chemical species -- antimony, manganese or
cadmium.
4.3.2.4 Still Bottoms

Still bottoms are those fractions obtained from

rectification columns used to purify or separate

solvents. There are two types of still bottoms:
aqueous and non-agueous.

As a rule, the aqueous still bottoms are handled
in wastewater treatment facilities where they do not
present any particular problem. Sometimes these
aqueous still bottoms may contain immiscible oils
which are separated at the treatment facilities.

The non-aqueous still bottoms may be potentially
hazardous by reason of their flammability. 1In
addition, they may be considered suspect if they
contain significant amounts of polycyclic aromatics.
For these reasons, it would appear that the still
bottoms generated in the manufacture of the products
listed below are potentially hazardous:

. ABS-SAN

. Polystyrene

. Polypropylene

. SBR (solution process)
. Polybutadiene

. Necoprene.
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4.3.2.5 Waste Solvents In Silicone Resin
Production

The production of silicone resin is carried
out in only five plants in the United States. The
technology is perhaps the most proprietary of those
encountered in the whole industry (with the possible
exception of spinning).

Improper disclosure of confidential information
may result from detailed discussion of this item.
Special disposal of these solvents has been reported
which, by implication, classifies them as potentially
hazardous wastes.

4,3.2.6 Hazardous Wastes In Rayon Production

Recently, production of rayon in the United
States has declined considerably. Economic con-
siderations have been always mentioned for the closure
of production facilities. Nevertheless, another
potential cause of this trend may have been the
impossibility of meeting effluent guidelines for
wastewater. Thus, the classification of some of the
streams from the rayon process as potentially hazar-
dous may be academic. Two areas of potentially
hazardous waste include:

- Dusts or spills from the handling of
dithiocarbamates and ethylene diamine,
which have been mentioned as additives

- Highly metal contaminated wastewater
treatment sludges.

Considerable amounts of zinc have been reported

in the wastewaters. This, in turn, would be pre-
cipitated as zinc oxide in the sludge. Zinc oxide
is highly leachable and, thus, the sludges are
potentially hazardous. An amount of 25-50 Kg/KKg
of product (dry weight) has been reported for rayon
production sludges.

4.3.2.7 Hazardous Wastes In Acrylic And
Modacrylic Production

In this production, a considerable amount of
zinc-pbearing wastewater sludges has been reported.
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4.4 wWaste Quantification For The Years 1974, 1977 And 1983
(Plastic Materials And Synthetics Industry)

In this portion of the report, estimated total and
potentially hazardous waste quantities for the industry are
presented for the year 1974, and projections are made for
1977 and 1983. The data is based on the results of industry
interviews, literature search, the analytical procedures
carried out on actual waste samples obtained from industry
sources and the INFORUM input/output model.

The required information is presented in a series of

tables:

Table II-40 -- Estimated 1974 Geographic
Distribution Of Wastes For The Major Poly~-
merization Operations ~

. Table II-41 -- Estimated 1974 Geographic

' Distribution Of Wastes For The Spinning
Operations

. Table II-42 -- Total Estimated Wastes For

The Years 1974, 1977 And 1983.

The following paragraphs discuss the rationale used in develop-
ing these tables.

4,4.1° Total Wastes

Total wastes for the industry in 1974 were developed
by multiplying the sum of the waste factors for each
of the products manufactured (found in Tables II-37 and
ITI-39). by the production values for these products.

- Table II-40, provides the total wastes by
product for 1974 for polymerization operations. .

Table II-41, does the same for spinning operations.
The values presented in Tables II-40 and II-4]1 were added
together to obtain the 1974 values presented in Table

II-42, which summarizes the wastes for SIC 282 as an
‘aggregate.
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TABLE II- 40 (1)

ESTIMATED 1874 GEOGRAPHIC DISTRIBUTION OF
WASTES FOR THE MAJOR POLYMERIZATION
OPERATIONS OF THE PLASTIC MATERIALS AND

SYNTHETICS INDUSTRY--SIC 282 (6)
(WET BASIS) (KKg/YEAR) '

POLYESTERS POLYAMIDES (2)
Potentially (1} Potentially {3)
Tota} Hazardous Total Hazardous
Wastes Wastes Wastes Wastes
v Alabama
X Alaska !
IX Arizona
Vi Arkansas (D)
X California 2,542
VIO  Colorado
1 Connecticut {D)
" Ol Delaware {D)
v Fiorida 1,581 (D) !
v Georgia :
X Hawa'i ,
X Idaho
v 11linois 124
Vi Indiana (D)
vil lows
vi Kansas
v Kentucky (D) {D)
Vi Louisiana (D)
1 Maine
ol Maryland
1 Massachusetts N.A
v Michigan 1,023
v Minnesota
1Y Mississippi
VO Missouri 744
VIl Montana
VIl  Nebraska
IX Nevads
1 New Hampshire (D)
n New Jersey 775
V] New Mexico
)i New York 248
v North Carolina 32,488 845
. VIO _ North Dakota
v Ohio D)
2 Oklahoma (D)
X Oregon 31
i1 Pennsylvania 820 (D)
i Rhode Island
v South Carolina 28,450 4,140
VIO  South Dakota
v Tennessee 23,870 2,328
Vi Texas 465 N.A
VI Utsh
1 Vermont
I Virginia 2,328
X Washington (D)
111 West Virginia (D)
\ Wisconsin (D)
VIO Wyoming
TOTAL 97,340 8,630
Region 1 (D) )
T 1.023
ol 620 2,328
IV 87,388+ 7.113+
V. 1,147+
Vi 465+ N.A.
v 744
vl
X 2,542
X 31+

Notwes

(D) + Withheld 1o svold discloding figures for individual companies,

(1) Negligible, less than 30 KXg for entdre country

(3) Nylon 6 and Nylon 8,6
(5 Nopoaemtially hasardous wastes

Source Fosser D Snell, Inc, compilations and snalyst of wasee sreams reporwed duting the industry survey,
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TABLE UI- 40 (2)
POLYETHYLENES
HIGH DENSITY LOW DENSITY
Potentially Potentially
Totwal Hazardous Total Hazsrdous
"o Wastes Wastes(l) Wastes Wastes(l)
v Alabama
X Alaska
X Arizona
Vi Arkansas
. X California D)
VIO _Colorado
1 Connecticut
m Delaware
v Florida
v Georgia
X Hawaii
X ldaho
\ 1llinois (D)
\ Indiana (D)
VIl  lowsa (D) {D)
vi Kansas
v Kentucky
Vi Louisiana (D) 5,401
1 Maine
m Maryland
1 Massachusetts
\ Michigan
v Minnesota
v Mississippi
VIl Missouri
VIII Montana
, VII . Nebraska
X Nevada
: 1 New Hampshire
! ) ) 11 New Jersey
! ‘ A New Mexico
| o] New York
- v North Carolina
VII _ North Dakota
v Ohio
Vi Oklahoma
X Oregon
m Pennsylvania
1 Rhode Island
v South Carolina
VIO  South Dakota
v Tennessee
A7 Texas 6,755 8,040
Vil Utah
! 1 Vermont
( m Virginis
i . X Washington
o West Virginia
\Y Wisconsin
: VIO Wyoming
TOTAL, 8,058 28,964
Region 1
T
i
- Y
v D)
VI_ 8,755+ 13,441
VI (D) D)
Vi
- X (D)
. X
Nows
(D) = Wizhheld tw avold disclosing Bgures for individual companies.
(1) . No parertially hazardcus wasies
Source Foster D Snell, inc. compfladons and azalyets of wase swesms repored during the industry swrvey.
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TABLE II- 40 (3)

POLYVINYL CHLORIDE POLYPROPYLENE : ;
Potentially Potentially Flarmmable ‘ i

Total Hazardous Total Hazardous Aliphatic ‘ ;
Wastas Mastos (1) Wastes _ Wastes  Stll Bostoms :

1w Alabama

X Alaska

+IX Arizong Sk
Vi Arkansas : I
X California (D}
Vil Colorado
1 Connecticut §
Ol Delaware D) D) (D) D) ) Do
IV__ Florida (D) : cot
IV Georgia !
X Hawaii . ;
X Idaho "
\ 1llinois (D) : o
\ Indiana Lo
VI lowa ;
VIl Kansas i
v Kentucky (D) )
i Louisiana 8,215 (D) (D) D)
1 Maine
n Maryland {D)
1 Massachusetts 5,580
v Michigan
v Minnesota
1\Y Mississippi .

H N

VIl Missouri
VIII Montana i
VIl  Nebraska ) ;

X Nevada

i New Hampshire i
I New Jersey 6,913 D) ®) @)
Vi New Mexico .
n New York (D) i

v North Caroling
VIO North Dakota

v Chio 8. 080 |
V1__ Oklahoma (D) i
X Oregon .

11 Pennsylvania__ (D) : |
i Rhode lsland___(D)
IV South Carolina : ’
VID _ South Dakota
v Tennessee

Vi Texas 8,765 8.399 4,840 4,940
VIl Utah
1 Vermont

m Virginia

X Washington .
1 West Virginia 3,317 (D) {D) (D}
v Wisconsin

VIiI Wyoming

TOTAL 68,572 17,442 10,260 10.260

Region 1 5,580+
0 6,913+ (D) {D) {D) i
Il 3,317+ (D) (D) 1)) i
V(D) ' 8.380+ 4,940+ 4,940+ |
V_ 8.060+ '
V1i7,980+
vo ’ . i
Vi '
X (D) i
X H

Notce

(D) = Withheld to avold disclosing figures for individual companies, i
(Y Ne wcrman): hazardous wastes [

Source: Foster D Sncll, Inc. compilazions and analysis of waite strearas reported dunng the industry survey.
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ABS-5AN

TABLE II- 40(4)

POLYSTYRENE
Potentially Aromatic

Potentially Aromatic

(D) = Withheld to avoid disclosing figures for individual comrpanies,

Total Hazardous stll Tota! Hazardous Stll
_ Wastes _Wasies . Bottoma . Wasies . Wasles  Borioms
v Alabama :
X Alaska
IX Arizona
Vi1 Arkansas :
X Califorma (D) (D) (D) 3,600 3.000 3,000
vill  Colorado :
1 Connecticut D) D) (D) (D} ) (D)
u Delaware
v Florida
v Georgis
X Hawai)
X ldaho 4,116 3,430 3.430
\ 1llinois )
\% Indiana
Vil lowsa .
vil Kansas
v Kentucky (D) D) {D)
A Louisiana (D) {D}) (D)
1 Maine
m Maryland .
1 Massachusetts 4,512 3,760 3,760
v Michigan
v Minnesota
v Mississippi
VIl Missouri (D) (D) (D)
VIl Montana
vl Nebraska
IX Nevada
1 New Hampshire
|} New Jersey {D) (D) D)
Vi New Mexico
n New York
v North Carolina (D) (D) (D)
VI North Dakota
v Ohio (D) (D) (D) 5.488 4,540 4.540
V1 Oklahoma
X Oregon
m Pennsylvania
1 Rhode Island
v South Carolina
VIO  South Dakota
v Tennessee
Vi Texas (D) (D) D)
VIII  Utah
] Vermont
1N Virginia
X Washington :
1 West Virginia {D) (D) (D)
v Wisconsin
VIO Wyoming
TOTAL 15,840 2,200 2,200 22,128 18,440 18,440
Region ! (D) (D) (D) 4,512+ 3,760+ 3,760+
R (D) (D) (D)
4] (D) (D) (D)
v {D}) (D) (D) (D) (D) (D)
v (D) (D) (D) 5.488 4,540 4,540
vi (D) (D) {D) (D) (D) (D)
v (D) (D} D)
vl
X (D) {D} {D) 3,600 3,000 3,000
X 4,116 3,430 3,430
Notes

—
Source: Foster D Snell, inc, compilations and analyss of weme streams reported dunng the industry survey.
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TABLE II- 40 (5)

ACRYLICS SBR_
Potentially Potentially  Aromatic
Total Hazardous Total Hazardous sdl
Wastes Wastes (1) Wastes Wastes (2) Bottoms
FV— Alabama
X Alaska
X Arizons
Vi Arkansas
X California ] (D) D) (D)
VID  Colorado
1 Connecticut . 1,050 252 252
m Delaware . D) (D) @)
v Florida
IV Georgia (D) D) (D)
X Hawaii
X Idaho
\ 1linois . ) {D) (D)
v Indiana
VI lowa
VII _ Kansas
v Kentucky (D} D) ) (D)
Vi Louisiana (D) 11,163 2,679 2,678
1 Maine
ol Maryland.
1 Massachusetts (D) D) . {D)
\ Michigan (D) iD) [13))]
v Minnesota
v Mississippi
v Missouri
VIIl _Montana
vl Nebraska
X Nevada
1 New Hampshire —
1 New Jersey
A2 New Mexico
o New York D) D) AR
v North Carolina D) D) (D)
VIO North Dakota
v Ohio $.175 2.202 2.202
Vi Oklahoma
X Oregon
11 Pennsylvania [10))] D] {D)
1 Rhode Island .
v South Carolina
VIO  South Dakota
v Tennessee D) (D) (D)
Vi Texas 1,880 23,250 5,580 5,580
VIl  Utah )
1 Vermont
m Virginia
X Washington
bifi West Virginia (D)
v Wisconsin
VIiD  Wyoming
TOTAL . 2,708 82,810 12,898 12,688
Region 1 1,050+ 252+ 252+
I (D) [¢9)] [19)]
ol (D) (D) (D) (D)
IV_(D) D) D) D)
v $.175+ 2,202+ 2.202+
V1 1,880+ 34.413 B,256 B.259
vh
vl
X D) {D) D)
X
Notes
D) = Withheld to avold disclosing figures for individual companies,
(1) Nopcremially hazardous wasees and -

(®) Valuz for all wares i3 the average ko two production p

Source. Foser I, Snell, Inc, compilations and anstysis of wawe saeams repored during the industry survey.
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PHENOLICS

TABLE 1I- 40 (6)

POLYBUTADIENE

Agqueous
Potentially  Solution Of

Potentially Aliphatic

Total Hazardous Phenol And Tota] Hazardous  Still
Wastes Wastes Formaldehyde Wastes Wastes Bottoms
v Alabama {D) {D) (D)
X _Alaska
IX Arizona
Vi Arkansas_
X California 34,800 34,800 34,800
VIO Colorado
1 Connecticut (D) (D) (D)
n1 Delaware
v Florida (D) (D) (D)
v Georgia
=X Hawaii
X Idaho
\Y 1llinois (D) (D) (D) (D) (D} (D)
v Indiana
vl Jowa
VIl Kansas (D) (D) (D)
v Kentucky {D) (D) D)
Vi Louisiana
1 Maine
o Maryland
1 Massachusetts (D) (D) (D)
v Michigan (D) (D) (D)
\' Minnesota
1\Y% Mississipp!
Vil Missouri
VIl _Montana (D) (D) (D)
vil Nebraska
IX. . Nevada
1 New Hampshire o
11 New Jersey 31,800 31,800 31,800 _
VI New Mexico I i
a New York 64,800 64,800 £4.800
W North Carolina 8,600 8,600 8,600 —
VIO  North Dakota
v Ohio 74,400 74,400 74.400
Vi Oklahoma
X Oregon 24,000 24,000 24.000
m Pennsylvania _
1 Rhode Island
Y South Carolina
VIO . South Dakota
v Tennessee
vi Texas 31,200 31,200 31.200 869 40 _4a0__
VIII Utah
1 Vermont
m Virginia
X Washington (D) (D] m)
o West Virginia
\Y Wisconsin (D) {D) {D)
VID  Wyoming
TOTAL 366,000 366.000 366,000 1,048 48 48
Region 1 (D) (D) (D)
1" "96.600 86,600 96.000
nl
IV 8,600+ 8,600+ 8,600+ D) D) D)
V 74,400+ 74,400+ 74,400+ (D) @) (D)
V1 31,200 31,200 31,200 868 40 40
vl (D) (D) D)
val (D) (D} D)
IX 34.800 34,800 34,800
X 24,000+ 24,400+ 24,400+
Notcs

(D} = Withhcld to avoid disclonng figures for individual compenics.

—
Source Foster D. Sncll, inc, compilatons and analysis of waste steams repore
—

d during the industny survey.
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TABLE II- 40 (7)

AMINO RESINS ALKYDS
- ] it
5 L] b § g 5‘ [
s I 3 : 3% {
3 & £ = £$ ;
s = £ s <& |
€ & £ 3 23 -
[ - [-] ~ :
P Of sl PO 3
g = E T3 e £ &% L.
® > k £3 ® > usE ;
© - - o = - ] £ c
E : B Z= = £ OF |
-~ g |- H 5] - [ + e i
E 5 § fE: &2 ¢ 3B
£ & Z &£B & =0 ,
v Alabama 385 385 294 70 (D) (@) (D)
X Alaska
o g Arizona ;
Vi Arkansas (D) D) (D) (D} :
X California 1,705 1.705 1,302 310 57 5 5 . i
Vi@ Colorado (D) M) (D) :
1 Connecticut (D} (D) (D) (D)
m Delaware (D} D) (D) (D) (D) (D) (D) ) ¢
v Florida D) (D) (D) (D) 8 1 1 i
IV Georgia 385 385 294 70 6 1 1
X Hawaii
X 1daho : i
\Y I1linois 1,265 1,265 986 230 44 4 4 i
v Indiana 8 1 1 i
vi__ lowa (D) (@) (D) {
v Kansas H
IV__ Kentucky (D) (D) (D) (D) 10 1 1 {
Vi Louisiana (D) (D) (D) (D) .
] Maine (D) (D) (D) (D} [
m Maryland (D) (D) (D) D) 10 1 1 !
I Massachusetts 275 275 210 50 10 1 1 i
v Michigan 385 885 284 70 12 1 b |
v Minnesota (D) (D) D) i
A% Mississippi (D) . (D). (D) (D) :
VIl Missouri (D) (D) (D) {D}) 13 1 1 ‘
VII__Montana (D) () (D) (D) |
VIl Nebraska b
IX _ Nevada i
i New Hampshire (D) (D) (D) (D)
1 New Jersey 2,310 2,310 764 420 51 5 $ i
Vi New Mexico !
] New York 660 860 504 120 18 2 2 |
v North Carolina 1,815 1,815 386 330 I
VIO North Dakota
v Ohio 1,540 540 1,176 280 25 2 2 '
A\ Oklahoma
X Oregon 1,540 1,540 1,176 280 (D} (D) (D)
184 Pennsylvania 1,430 1,430 1,092 260 25 2 2
1 Rhode Island 880 880 672 160 . A
v South Carolina 860 860 504 120 () (D) D) :
VIO _ South Dakota .
v Tennessee (D) (D) (0} (D) M) (D) (D)
Vi Texas 1,085 1,045 798 190 18 2 2
VIII  Utah (D) (D) D)
1 Vermont
m Virginia 385 385 204 70
X Washington 770 770 588 140
194 West Virginia -
v Wisconsin 1,045 1,045 788 180 [ 1 1 b
VI  Wyoming ?
TOTAL 20,785 20,735 15,834 3,770 349 32 82 i
Region- 1 1,155+ 1,155+ 882+ 210+ 10 1 1 "
o ~F,UT0 LU0 2,268 580 6 7 7 %{
ol 1,815+ 3,815+ 1,386+ 330+ 35+ Kad 3+ :
v 8,245+ 3,245+ 2,478+ 580+ 24+ 3+ 3¢ P
v 4,235 4,235 3.234 770 95+ 8+ 9+ i
VI _1.045+ 1.045+ 788+ 300+ 19 2 2 ;
vi i) D) {P) P) 13+ 1+ 14 {
vii ID) ) D) [49)] D) (P} D) ;
X 1.705+ 3.705+ 1,302+ _S10+ 57 $ (5) |
X 120 770  §68 340 E
MNotey _ s ;
(D) = Withheid to aveid discloang figures for individual companics. !
Source Foser L. Sncll, Inc, compilations and analysis of waste strcams reportcd dusing the industry survey.




TABLE 1I- 40 (8)

NEOPRENE
Flanmable
Chlorinated
Potentially  Hydrocarbons
Total Hazardous And Aromatic

BUTYL RUBBER

Potentially

Total Hazardous

(2) %o potentially Iunrdou‘n waoten

I1-153

Wastes . Wastes Stll Bottoms (1)wWastes Wastes(2)
W Alai)diid
X Alaska
I\ Arizona
VI Arkansas
IX Califorma
Vill  Colorado
1 Connecticut
ui Delaware
v Florida
v Georgia
X Hawaii
X Idaho
v 1llinois
Vv Indiana
VIl lowa
VIl Kansas
N Kentucky (D) __(D) (D)
] l.ouisiana (D) (D) (D) D)
1 Maine
ol Marvland
1 Massachusetts
Vv Michigan
v Minnesota
v Mississippi
vii Missouri
VIII  Montana
v Nebraska
IX Nevada
1 New Hampshire .
n New Jersey
V1 New Mexico
1 New York
v North Carolina
VI North Dakota
\Y Ohio
Vi Oklahoma
X Oregon
I Pennsylvania
1 Rhode Island
v South Carolina
VII _ South Dakota
v Tennessee .
VI - Texas (D) (D) (D) D)
VIl Utah ) .
1 Vermont
1 Virginia
X Washington
11 West Virginia
) Wisconsin
VIO "Wyoming
TOTAL 15,930 10,620 10,620 08
Region 1
Jof
a1
V(D) {D) (D)
v
VI_{(D) iD) D) _88
vi
v
X
X
Notes )
(D) = Withheld 1o avotd disclosing figures foe individual companies,
Y re not discl ‘dug‘(o nfid ality :




TABLE D-40 (9)

KPM-EPDM COUMARONE -INDENE
Potantially Potentially
Total Hazardous Total Hazardous
Wastes Wastes (1) Wastes Wastes
IV Alabama (D) D)
X Alaska
X Arizona
vi Arkansas
IX  -Californis (D) (D)
VIO _ Colorado
i Connecticut
ol Delaware
v Florida
v Georgis
X Hawaii
X Idaho
\Y 1llinois (D) (D)
v Indiana
VI lowa _
v Kansas
v Kentucky
\7 Louisiana {D) D) (D)
1 Maine
)11 Maryland
1 Massachusetts D) (D)
\Y Michigan
v Minnesota
v Mississippi D) {D)
v Missour}
VIII __Montana
VIl Nebraska
X Nevada
1 New Hampshire
u New Jersey (D) (D)
Vi New Mexico
o] New York
v North Carolina
VIO  North Dakota
v Ohio
V1 Oklahoma
X Oregon
m Pennsylvania
1 Rhode Island 1,116 1.116
v South Carolina
VIO  South Dakota
v Tennessee
vl Texas (D) D) 19}
VIl  Utah
1 ‘Vermont
m Virginia
X Washington
ni West Virginia m mi
v Wisconsin
VIiD  Wyoming
TOTAL 33 5,328 5,328
Region I 1,116+ 1,116+
a D) (D)
or (D) D)
v (D) D)
v (D) D)
vVl 33 (D) D)
v :
vl
X D) D1
X

Notes

(D) = Withheld to avold disclosing figures for individual compasies,

e8]

No potentially hazardous wastes

Source: Fogrer B Snell, Inc. compilations and analyes of waste sreams reporeed during the industry survey.
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TABLE 11- 41 (1)

ESTIMATED 1974 GEOGRAPHIC DISTRIBUTION
OF WASTES FOR THE SPINNING OPERATIONS
OF THE PLASTIC MATERIALS AND SYNTHETICS INDUSTRY -~
S§1C 282 (WET BASIS) (KKG/YEAR)

NYLON 6 NYLON 6.6 POLYESTER
Potentally (1) Potentially (1) Potentially (1)
Total Hazardous Total Hazardous Total Hazardous
Wastes Wastes Wastes Wastes Wastes Wastes
1AY Alabama (D) (D) (D)
X Alaska
X Arizona
VI Arkansas
X California
VIO - Colorado
-1 Connecticut
o Delaware (D) {D} [43))]
v Florida D1 [99)]
v Georgia D) [42))]
X Hawaii
X 1daho
v Illinois
v Indiang
vl lowa (D) (D)
v Kansas
v Kentucky
Vi Louisiana
1 Maine
m Maryland (D) (D) {D)
1 Massachusetts
v Michigan
v Minnesota
v Mississippi
vn Missouri
VI Montana
VIl Nebraska
IX Nevada
1 New Hampshire
n New Jersey
Vi New Mexico
n New York (D) (D) (D)
v North Carolina (D) (D) - {D)
VI _ North Dakota
\Y% Ohio (D)
Vi Oklahoma -
X Oregor.
i Pennsylvania (D) (D) D)
1 Rhode Island
v South Carolina (D) (D) [§0})]
VIO South Dakota
v Tennessee (D) D) (D)
Vi Texas
VID Utah
1 Vermont
m Virginia (D) (D) (D)
X Washington —
1 West Virginia (D) {D) D)
) Wisconsin
VI Wyoming
TOTAL 116,850 16,132 708,400
Region 1
o D) (D) (D)
Ol 40,125 5,537 31,350+
IV 76,375 10,540 288,750+
vV D)
Vi
v (D) D)
vl
X
X

Nolc*
(D) = Whithcid to avoid disclosing figures for individus) comnpames.

m

No puenuully' hazardous wasicy

Pe—
Source Foster D Sncll, Inc. compilanens and analyais of wame stcari reporicd duniing the indusiny surve; .



TABLE 1I- 41 (2)

CELLULOSE
ACRYLICS ACETATE RAYON
Potentially Potentially (1) Potentially
Total Hazardous Total  Hazardous Total Hazardous
Wastes Wastes Wastes Wastes Wastes Wastes
v Alabama (D) (D) (D)
X Alasksa
X Arizona
vi Arkansas
X California
VI  Colorado
1 Connecticut
o1 Delaware
v Florida (D) D)
v Georgia {D)
X Hawaii
X Idaho
v Illinois
v Indiana
VI  lowa
VI _ Kansas
v Kentucky
VI Louisiana
1 Maine
m Maryland (D)
1 Massachusetts
\Y Michigan
v Minnesota
v Mississippi
VI  Missouri
VII _Montana
Vi Nebraska
IX Nevada
1 New Hampshire
11 New Jersey
Vi New Mexico
u New York
v North Carolina
VIN  North Dakota
v QOhio
Vi Oklahoma
X Oregon
i Pennsylvania D)
1 Rhode Island
v South Carolina (D} (D) (D)
VIO _South Dakota
v Tennessee (D) (D) (D) (D) (D)
Vi Texas
VI Utah
1 Vermont
Il Virginia (D) (D) [{2)]
X Washington
o1 West Virginia (D) (D)
v Wisconsin
VIO _Wyoming
TOTAL 347,500 278,000 330 5,660 5,660
Region 1
I
o1 (D) (D) 184 (D} D]
vV (D) (D) 146 (D) D)
v
Vi
Vi
Vi
X
X
Nolc*

(D) » Withihld 1o avoid discionng Ngures for individual Companirs,

[4)]

————
Source: Foster [ Sncll, Inc. €OMpiletions and sralyss of waste stream; reporicd duning the industry survey,

No peremially hazarlous wasics
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TABLE 1142

TOTAL ESTIMATED WASTES FOR THE
PLASTIC MATERIALS AND SYNTHETICS

INDUSTRY -~ SIC 282
(WET BASIS) (KKg/YEAR)

224D 1w72% 20822
Potentially Potentially Potentially
Total  Hazardous Total Hazardous Total Hazardous
Wastes  wagtes Wastes  Wastes Wastes Wastes
v Alabama 385+ 385+ 466+ 466+ 801+ 801+
X Alaska
X Arizona
vl Arkansas D) ) (D) D) {D) (D)
X California 42,704+ 39,510+ 51,672+ 47,807+ 66,618+ 61,636+
VIO Colorado _(D) D) (D) (D) (D) (D)
1 Connecticut 1,050+ 252+ 1,271+ 305+ 393+
n1 Delaware D) (D) (D) D) (D) (D)
v Florida 1,589+ 1+ 1,823+ 1+ 2,479+ 2+
IV _ Georgia 381+ _386+ 473+ 467+ 610+ 602+
X Hawaii
X ldaho 4,116 3,430 4,880 4,150 6,421 5,351
\4 Illinois 1,433+ 1,269+ 1,734+ 1,535+ 2,235+ 1,880+
v Indians 8+ 14 10+ 1+ 12+ 2+
VI lowa (D) (D) @) (D) D) D)
VI _ Kansas D) (D) (D) (D) (D) (D)
v Kentucky 10+ - 1+ 12+ 1+ 16+ 2+
Vi Louisiana 24,778+ 2,679+ 29,883+ 3,241+ 38,665+ 4,178
I Maine {D) " (D)
o Maryland 10+ 1+ 12+ 1+ 16+ 2+
1 Massachusetts 10,377+ 4,036+ 12,556+ 4,883+ 16,188+ 6,286+
v Michigan 1,420+ 386+ 1,718+ 467+ 2,215+ 602+
v Minnesota D) D) D) D) (D) (D)
IV__ - Mississippi D) {D} (1) 8 D} (D) (D)
vi Missouri 2587+ 1+ 016+ 1+ 8,181+ 2+
VHI Montana (D) (D) (D) (D) D) D)
Vil Nebraska
IX Nevada
1 New Hampshire D) (D) (D) (D) %)) D)
1 New Jersey 42,218+ 34,115+ 51,084+ + + 2,2.8+
V1 New Mexico .
)y New York 65,726+ 65,462+ 79,528+ 78,209« 102,533+ 102,121+
v North Carolina 43,548+ 10,415+ 52,693+ 12,602 67,835+ 16.247+
VIl  North Dakota
\ _Ohio 98,688+ 81,684+ 118,412+ 96,838+ 153,853+ 127,427+
V1 Oklahoma {C; (D) (D)
X Oregon 25,571+ 25,540+ 30,841+ + + 42+
i Pennsylvania 5,420+ 1.432+ §.558+ 1,732+ 8,455+ 2.234+
i Rhode Island 1,896+ 1,996+ 2.415+ 2,415+ 3.114+ 3,114+
IV___ South Carolina 34,250+ 60+ 41,443 299+ 53,430+ 1,030+
VIl South Dakota
v Tennessee 26,198+ (D) 31,6888+ (D) 40,869+ (D)
Vi Texas $1.,787+ 42,807+ 111,062+ $1,796+ 153,188+ 86,778+
VIiI___Utah {D) ) D) (D) (D) (D)
1 Vermont
1 Virginia 2,713+ 385+ 3.283 466+ 4,232 601+
X Washington 770+ 770+ 9324 832+ 1,201+ 1,201+
11 West Virginia 8,317+ 770+ 4,013+ (D) 5,175+ (D)
\ Wisconsin 1,051+ 1,046+ 1,272+ 1,266+ 1,639+
VI Wyoming
TOTAL 1,029,887 780,021 2,335,284 883,325 3.010.780 1,138,833
Region | 13,423+ 5.168+ 16.242+ 6,253+ 20,940+ 8,062
O 307,575+ 100,693+ 130,166+ 121,839+ 167,817+ 157,081+
Ol 85,811+ 1,818+ 103,226+ 2.200+ 133,085+ 7,836+
IV 577,176+ 16,788+ 688,383+ 20,313+ 900,385+ 26,189
V__ 93,361+ 85,386+ 112,967+ 103,317+ 145,643+ 54,735+
vi 108,288+ _ 40,546+ 131,041+ 48,061 168,845+ 63,252+
vo 257+ 1+ 916+ 1+ 1,181+ 2+
var (D). D] {D) (D) D) (D)
IX_ 42,704+ 38,510+ 51,672+ 47,807+ 86,618+ 61,836+
X 26.907+ 28,6007 34,977+ 34,506+ 45,085+ 44,816+
Notes:
R indicates that waste values for state and regions interchange more than

the weight indicated. Absoluts volumes could not be rapeated due o

disclosure problems.

(D}  Values not given due to possibility of disclosure

(1) Based on Tables II-

(2)  Based on weighted average growth in SIC 2821, 2822, 2823 and 2824 for these
years as estimated from INFORM input/output model use.
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The basic factors influencing the evaluation of solid
waste volume for 1977 and 1983 are:

. Production volume changes

The effect of more stringent requirements
of water pollution control.

The waste loads for 1977 are expected to vary only with
changes in production output. The effect of the 1977 Water
Effluent Guidelines Regulations is not expected to be signifi-
cant because, as most of the plant personnel interviewed indicated,
the technology necessary to meet the 1977 requirements is already
in place. Thus, the waste factors developed in this study already
account for this technology. C

For 1983, the cumulative effect of uncertainties in changes
of production volume and water regulations is such that the only
feasible approach to making the projections, at present, appears
to be to discount elements other than production growth. This
situation results because the analysis of non-water impacts of
the 1983 Water Effluent Guidelines (as presented in the Develop-
ment Documents for the relevant industries), does not appear to
provide the information necessary to evaluate realistically the
changes in waste factors per unit production. The procedure
followed for the 1983 projections is, therefore, based on changes
in production volume only.

Estimates of production for the years 1977 and 1983 were
obtained from the Interindustry Economic Research Project of
the University of Maryland (INFORUM) input/output model of the
U.S. economy. The model analyzes the economy into 200 industrial
sectors generally corresponding with the four-digit 1967 Standard
Industrial Classifications. The model, its inputs and assumptions
are discussed in Appendix A.

Table II-43 presents production in terms of producer prices
(1972 dollars) for the years 1974, 1977 and 1983 for each of
the four-digit SICs comprising SIC 282.
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A weighted average growth rate for the entire SIC 282
was developed based on 1974 production volume breakdown of
SIC 2821, 2822, 2823 and 2824. This growth rate for the years
1977 and 1983 are projected to be:

Table II-44 -- Projected Average Growth Rate Over 1974
1977 1983

SIC 282 21% 56%

Source: Table II-42

These growth rate factors were multiplied by the estimated 1974
wastes to project the 1977 and 1983 loads. !

Total wastes for the years of interest are estimated as

follows:

Table II-45 -- Estimated Total Wastes For 1974, 1977 and 1983

(KKg/yr.) .
Wet Basis Dry Basis

1974 2,751,319 1,504,469
1977 3,329,095 1,820,407
1983 4,294,533 2,348,326

Based on an estimated industry wide total, 1974 production
of 30,472 KKKg, total wastes amount to 6% of production volume
on a weight basis.

4.4.2 Potentially Hazardous Wastes

Potentially hazardous waste quantities for 1974 by
product are presented in Table II-40 and II-41. Table
II-42 presents total potentially hazardous wastes for the
entire SIC 282 for the years 1974, 1977 and 1983.
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The information presented in these tables was arrived
at in a manner similar to that used for total wastes, as
discussed in Section 4.4.1. The values were developed by
taking the starred (*) waste factors (those considered to
be potentially hazardous) from Tables II-46 and II-47 for
~ each product and multiplying them by their respective pro-

duction from Tables II-8, II-11, II-32 and II-34. Tables
II-40 and II-41 were then totaled to produce the potentially
hazardous waste values in Table II-42 for 1974. The values
for 1977 and 1983 were developed using the average weighted
growth factors as per Section 4.4.1.

From Table II-42, potentially hazardous wastes for the
years of interest are summarized as follows: :

Table II-48 -- Estimated Potentially Hazardous Wastes For
1974, 1977 and 1983 (KKg/¥r.)
Wet Basis Dry Basis
1974 740,351 157,347
1977 895,824 190,389
1983 1,155,614 245,602

Within SIC 282, the largest contributors to the potentially hazard-
ous land destined wastes are:

. Polystyrene
Phenolics
Amino resins
Acrylicsv(spinning processes).
The largest single contributor is phenolics with an estimated

366,000 KKg in 1974 of an aqueous solution of phenol and formal-
dehyde as the potentially hazardous constituent.
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5. TREATMENT AND DISPOSAL TECHNOLOGY FOR POTENTIALLY

HAZARDOUS WASTES IN THE PLASTIC MATERIALS AND SYNTHETICS

INDUSTRY, SIC 282

_ In the preceding section the potentially hazardous waste
streams generated by SIC 282 have been described and quantified.
In this section these streams are correlated to the specific
disposal methods used and the adequacy of these methods assessed
in the light of three levels of technology defined below.

Level I -- Technology Currently Employed

By Typical Facilities. This level represents
the broad average treatment and disposal
practice.

Level II -- Best Technology Currently Employed.
This level represents the best practice from an
environmental and health standpoint, currently
in use in at least one location. Installations
must be commercial scale. Pilot and bench
scale installations are not suitable.

Level III -- Technology Necessary To Provide
Adequate Health And Environmental Protection.
Level III technology may be more or less sophis-
ticated or may be identical with Level I or II
technology. At this level, identified technol-
Ogy may include pilot or bench scale processes
providing the exact stage of development is
identified.

The disposal methods presently encountered in this industry

are:

Incineration
Landfill
Lagooning
Storage

It should be noted that contract dispbsal ultimately results
in the use of one of the above methods.

The
cable to
somewhat

industry.

discussion of the treatment and disposal methods appli-

the potentially hazardous waste streams in-SIC 282 differs

from that presented in the following chapter for SIC 30.
The reasons are considerable differences:

in production technologies
in nature of waste streams

in disposal technolbgy

'in degree of development of potential

technologies.
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In the subsequent sections the broad categories of applicable
disposal technologies are presented, followed by a detailed
discussion of treatment and disposal technology by types of
hazardous waste.

5.1 Treatment And Disposal In SIC 282

The following paragraphs discuss treatment and
disposal technologies applicable to the Plastic
Materials and Synthetics Industry. 1In some instances
restrictions on the permissibility of alternative dis-
posal methods may shift the disposal of certain
Streams in the direction of recovery. For instance,
the additional expense of meeting adequate standards
in disposal method X, currently practiced, added to
the presently insufficient value of the recovered
product, may make recovery economically attractive.

In many instances, however, indefinite recovery
and reuse may not be feasible due to accumulation of
undesirable impurities. In this case, a portion of
the wastes is disposed of through other methods. This
appears to be the case for the disposal of zinc oxides
to landfill at certain plants of S$IC 282.

5.1.2. Controlled Incineration

This method is universally practiced in the SIC
282 industries. Indeed, the fact that a waste is
incinerated@ may be taken as prima-facie evidence of the
undesirability of disposing of it by other methods.
However, it is not always the case. For example, incin-
eration may be more economical than landfilling because
of considerations of volume, transportation costs or
value of the waste as a fuel. An extreme case is that
of the coumarone-indene industry in which some waste
streams are indistinguishable from #2 fuel oil. At pre-
sent, state regulations are such that monitoring and
control are the rule on all incineration equipment.
Installations still lacking in these features are
scheduled to be equipped or replaced to meet the stan-
dards. Incineration can be performed on-site or
contracted out. The only reason for contracting out is
economics and thus contracting out does not represent a
technological alternative.
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5.1.3. Open Dumping

The majority of industry firms contacted have
become increasingly aware of their responsibility
for the proper treatment and disposal of their wastes.
They have related, during the course of the inter-
views, that they are taking an active role in investi-
gating what is occuring at their own sites as well as
those of private contractors.

5.1.4. Burial Operations And Landfills

These represent the other major disposal tech-
nology used in SIC 282 for those wastes which are
classified as potentially hazardous and which are
not incinerated. These wastes are essentially
wastewater treatment sludges contaminated by metal
ions. When inadequate landfill sites are still in
use, measures are universally being taken to im-
prove the situation by resorting to secure landfill.
Since this technology is more universally used for
SIC 30 and to avoid repetition, the detailed dis-

.cussion of these operations is in Chapter 111,

Section 7.3.

5.1.5. Ponding And Lagooning

This represents a technology widely used in the
production sites of SIC 282, particularly on the Gulf
Coast. However, no significant amount of potentially
hazardous wastes originating in SIC 282 operations
appear to be disposed of by this technique.

This technique provides a simple and economic -
approach to on-site potentially hazardous waste disposal,
where applicable. However, there are some significant
drawbacks.

. The pond must provide protection from both
surface and groundwater contamination. In
almost all areas, this requires a liner.
Liners include clay, plastic, concrete, and
epoxy, all of which are relatively expensive.

. Except in very dry climates, ponds without
discharge will overflow from rainfall accu-
mulation.

. Ponds are prone to be "flushed out" with

massive rainfall. It is difficult and ex-
pensive to provide flood protection.

II-167




The type of production carried out at most of
the sites is such that it is impossible to evaluate
precisely the contribution to the utilization of
these facilities by processes involving SIC 282
products. At most, 5% to 10% of the streams collected
in such facilities come directly from SIC 282 opera-
tions, and in no case have these been considered po-
tentially hazardous.
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5.2 Treatment And Disposal In SIC 282 By Hazardous
Waste Type

It is evident from the discussion in the previous
sections that the segmentation of SIC 282 into the
Department of Commerce segments does not provide a
sound framework for the technical discussions associated
with products and processes. In particular, the dis-
tinction between SIC 2821, Plastics, and SIC 2822,
Synthetic Rubber, is inapplicable since the same
name processes (e.g., Ziegler or Phillips) are used for
some products in both segments.

5.2.1 Treatment And Disposal Of Potentially Hazardous
Wastes Generated In Phenolics Production

The phenolic resins constitute the one group in
which a substantial potentially hazardous waste problem
exists for the following reasons: .

. Substantial production (610 KKKg/yr)

. Large volume of potentially hazardous wastes
(50% by weight)

. - Inadequate present long range disposal methods.

For treatment and disposal the potentially hazar-
dous wastes generated in the manufacture of phenolic
resins are separated into two streams:

A liguid stream of low viscosity, containing
organics including phenols and/or formaldehyde
easily pumpable with varying degrees of tur-
bidity

. A solid/semi-solid of varying consistency which
contains oligomers and excess phenol and which
is difficult, if not impossible, to pump by con-
ventional means.

At present the practice is to incinerate the liquid
stream and to store the solid/semi~solid stream in ponds or
lagoons until a satisfactory disposal method has been _
developed. |

A problem associated with the incineration of the f
liquid stream is that it does not contain enough organic 3
material to sustain its own combustion. At one of the |
sites visited, a backlog of waste solvents of various ori- !
gins (mostly outside the scope of SIC 282 operations)
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has permitted the incineration of this stream with-
out use of purchased fuel for the past several years.
However, this practice is not generally feasible.

It appears that the stream to be incinerated does not
bring elements requiring further treatment of the
combustion gases. At the other plants, this material
is generally stored on-site in drums.

Obviously, even though the precautions to pre-
vent dispersion into the environment of the solid/
semi-solid stream are presently satisfactory, storage
is not an environmentally adequate solution in the
long run. The viscosity of this material prevents its
disposal by incineration, at least in the incinerator
configurations commercially available today. Disposal
methods are reportedly under investigation. But due
to their specialized nature and the disproportionate
costs of development, these methods are kept strictly
proprietary.

5.2.2. Potentially Hazardous Waste Constituted By Partly
Unreacted Amino Resins .

"Equipment upsets or human error are responsible for
the wastes destined for land disposal and the need to dispose
of relatively small amounts of partly unreacted mixtures
of urea or melamine and formaldehyde. The material is drawn
off from the reactor, drummed in sealed drums and ade-
quately incinerated under contract. by a professional
waste treatment firm. This, provided that the treatment
firm is aware of the potential hazard to the immediate
personnel, appears to constitute an environmentally ade-
quate disposal method. 1If local incineration facilities
exist, there is no reason not to dispose of this material

via that rocute.

5.2.3. Potentially Hazardous Waste Created By The
Handling Of Catalyst In Polyester Production

A waste stream consisting of a mixture of manganese
salts and antimony compounds has been reported by poly-
ester manufacturers. Proprietary considerations have
prevented further inquiry into the extent of this stream.
Literature confirms the use of salts of manganese, co-
balt and cadmium as catalysts in polyester production.

- At present the material is stored in drums until develop-
ment of a more suitable disposal method occurs. How-
ever, technology for adequate disposal would appear

to be disposal in a secured landfill.
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5.2.7 Potentially Hazardous Waste Solvents In
Silicone Production

The industry structure is such that, to
preserve confidentiality, little can be said about
this stream except that it is disposed of by inciner-
ation. Since the operations investigated are carried
out in states with strong antipollution regulations,
it is assumed that incineration is carried out in an
environmentally adequate controlled manner.
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5.3. Treatment And Disposal Technology Levels As
Applied To Potentially Hazardous Wastes
Produced By The Plastic Materials And Syn-
thetics Industry, SIC 282

The levels of treatment and disposal technology
have been characterized in the opening paragraph of
Section 5. The following factors have been employed
in evaluating the technologies used or to be developed
by the industry for the treatment and disposal of
potentially hazardous wastes.

. Factor T -- Physical And Chemical Properties
Of The Waste. This gives a brief description
of the form of this waste and identifies the
main constituents

Factor II -- Amount Of Waste (Kg/KKKg Of Product).
This factor gives an average quantity or range
of the magnitude of the total potentially haz-
ardous waste streams treated based upon a waste
factor relating the quantity of waste (kilograms)
to the quantity of production.

Factor III -- Factors Affecting Degree of Hazard
From The Waste. This gives a brief description
of the possible interaction of the: surrounding
environment with the waste.

Factor IV -- Adequacy Of Technology. A descrip-
tion of the technology with respect to environ-
mental considerations and load regulations in
terms of present and future conditions.

Factor V -- Non-Land Environmental Impact.

This describes the possible impact of the tech-
nology on non-land environmental factors such
as water or air quality.

Factor VI -- Problem Areas Or Comments.
A brief description of problem areas encountered
with the technology or important comments.

Factor VII -- Compatibility With Existing
Facilities. This evaluation factor describes
whether the technology can be used by existing
plants or waste disposal contractors.
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. Factor VIII -- Monitoring And Surveillance
Techniques. This describes the type and
frequency of monitoring necessary for the
technology.

Factor IX -- Installation Time For New Facility.
This factor provides information on whether or
not the treatment and disposal technology has
been installed or how long it will take to get
it on-stream.

Factor X -- Energy Requirements. This factor
describes the qualitative amount of energy
required for the technology. :

With the exception of two streams, for which no
adequate technology has yet been developed, the treat-
ment and disposal practices of the SIC 282 consist of:

. Secured landfill

Incineration (1)

Recovery.

The treatment and disposal technologies of the
potentially hazardous waste streams discussed in Section

5.2 are applied to the three treatment and disposal
technologies in a series of tables.

. Table II-49, Liguid Phenolic Wastes
Table II-s5Q, Solid/Semi-so0lid Phenolic Wastes
. Table II-51, Off-Grade Product From Amino Resin
- Production

Table II-52, Waste Catalyst Stream From Polyester
Production :

Table II-53, Still Bottoms (Aromatic, Aliphatic,
Chlorinated, Etc.) From All SIC 282
Processes Producing Such Waste Streams

Table II-54, Zinc Oxide Sludges From Wastewater
' Treatment In Cellulosic And Acrylic
Fiber Production

(1)

Previous studies in this group identified two levels of
incineration, so-called uncontrolled and controlled. Air
pollution abatement regulations have been instituted in most
states, so that incineration as practiced in 1975 is controlled.
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Bearing in mind the above discussion, evaluation of the
costs have been made using the factors outlined below. The
section following presents individual case studies for the
costs of treatment and disposal of potentially hazardous
wastes generated by this industry.

6.1 Cost Elements And Treatment Of Costs

For the purposes of this study, two kinds of costs
are presented: :

. Investment costs
. Annual costs.

The development and treatment of these costs are presented
in the following paragraphs, supplemented where necessary
by further information detailed in each of the individual
cases beginning in Section 6.2.

6.1.1 Investment Costs

These typically represent "front end" costs
incurred only once during the acquisition of the
‘required land, buildings and equipment.

The importance of the landfill operations (land
intensive) is reflected by the subcategorization of
the investment costs into "land" and "other." A
nominal land cost of $12,500 per 10,000 m2 ($5,000
per acre) is used throughout, based on the results
of field contacts.

6.1.2 Annual Costs

The two basic groups of annual cost are:
first, an annualized cost of investment as defined
above and, in this study, called "capital;" and
second, other costs. The usual practice is to
subdivide these other costs in terms of materials,
utilities, labor, maintenance, supplies, insurance,
etc.

For the purpose of this study, a different
characterization is used:

. Capital

. Operating

. Contractor

. Energy and power.
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This reflects the different nature of the operations
involved and the particular interest of the EPA. The
composition of these cost elements is indicated below.

6.1.2.1 Capital Cost (Annual)

This is a conversion of the investment cost
to an annual sum by application of the conventional
Capital Recovery Factor as given in standard account-
ing manuals. Unless otherwise indicated, the factor
used here is 0.163, corresponding to an interest of
10% for a recovery period of 10 years. Implicit is
the assumption that the value of the investment is
zero at the end of the period. Although this may
be valid for specialized equipment (such as incinera-
tors), it does not usually correspond to agreed
practices for land and buildings. However, this
assumption appears legitimate if, in particular, the
land area devoted to landfill is initially calculated
for a 10-year capacity. In most instances, the value
-of the land thus utilized is indeed nil at the end
of the fill. Rehabilitation costs of' landfill sites
to alternative use are estimated to be well in excess
of the initial land value in the majority of cases,
especially for sites where potentially hazardous
wastes have been placed.

6.1.2.2 Operating Costs

In this study, this includes all the variable
costs (materials, labor, supplies, maintenance, etc.),
except the cost of fuel or electricity.

Labor costs are taken as $15,000 per year for
general non-supervisory personnel and $25,000 per
year for supervisory personnel. Part-time use is
prorated.

6.1.2.3 Hazardous -Wastes Disposal Contractor Costs

This cost element is usually employed in lieu of
operating and capital cost or as a supplement to it.
It is an important element in the next chapter, Rubber
Products Industry SIC 30, and its magnitude there is
discussed separately. The cost used here reflects
actual experience.
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6.1.2.4 Energy And Power

Fuel costs are taken as $10 per barrel for
fuel 0il and $0.15 per liter ($0.60 per gallon)
for gasoline. Natural gas is estimated at
$0.09 per cubic meter ($1.25 per million BTUs).

6.2 Case Study Of Potentially Hazardous Waste Treatment And
Disposal Costs

In this section, costs for the treatment and disposal of
typical potentially hazardous wastes are estimated for individual
products and waste streams based on the technologies defined
in Section 5. The following list details the products or
categories for which the costs were developed and the tables
summarize the estimates for each of the products.

Liquid Wastes From Phenolic Resin Production--
Table II-55 '

Solid And Semi-Solid Wastes From Phenolic Resin

Production -- Table II-57
. Still bottoms generated from the production of
- Styrene Butadiene Rubber -- Table II-58

- Polystyrene -- Table II-59

- Acrylonitrile Butadiene Styrene -- Table II-60

- Polypropylene -- Table II-61

- Polybutadiene -- Table II-62

Zinc sludgés'from thevproduction of

- Rayon Fibers -- Table II-66

- Acrylic Fibers -- Table II-69.
Detailed costs are not provided for the treatment and disposal
of solid and liquid wastes from amino resin production because

these custs are small and production techniques are so varied
that even illustrative examples would not be valid.
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For each of the products presented above, wherever appli-
cable, the three levels of technology or variations are also
taken into consideration.

6.2.1 Costs' Of Treatment Disposal Of Liquid Wastes In
Phenolics Production

The present practice is to incinerate the water
waste stream containing 10% to 15% organics, with
additional fuel required to support combustion.

This practice is adequate from the standpoint of
direct environmental impact. However, it requires
a considerable amount of fuel to convert the water
into steam during or prior to the combustion
process.

The costs elements are:
. Incineration: The cost of an incinerator of the

required capacity is estimated at about $1,000,000
installed, according to industry contacts.

. Annualized capital ($1,000,000 x 0.163) = $163,000
. Labor (4 man-years) = $60,000.

Fuel: The fuel requirements vary from zero, if the
stream contains more than 12% organics, to about 2,400
barrels, if it contains 5% organics. For this latter
case a cost of $24,000 per year for fill may be encoun-

tered.
Costs are summarized in Table II-55.

6.2.2 Costs Of Treatment And Disposal Of Solid And Semi-
Solid Waste Streams In Phenolics Production

Level I. The present practice is to store the material
in drums or in secure containment until development of

suitable technology.

. Level II. Incineration, made possible by the
production (at the same site) of large amounts
of other materials with which the stream is
mixed.

Level III. This is proprietary technology, said to
be under development. None presently available.
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TABLE II-55

PHENOLICS PRODUCTION: TYPICAL PLANT
DISPOSAL COSTS FOR POTENTIALLY HAZARDOUS LIQUID
WASTES -- SIC 2821

Typical Plant Production Rate Location Process

) Phenolic Resins 15 KKKg/yr. Eastern U.S. Condensation
Identification of Amount To
Waste Stream Composition Form Treatment/Disposal
Liquid fraction Water - 85-95% Liguid 8000 KKg/yr.
from reactor condensate organics 5-15%

(phenols, formal-
dehyde and other

organics)
Dollars (1974)
T/D Level Level I : Level IT Level III
Technology ' 1 1
Investment Costs
Land : negligible negligible
Other 1,000,000 1,000,000
Total Investment 1,000,000 1,000,000
Annual Costs No technology cur-
Cost of Capital 160,000 163,000 rently available
Operating Costs 60,000 60,000
Energy and Power 24,000 24,000
Contractor - =
Total Annual Costs 244,000 : 247,000
Cost/KKg of Product 16.3 16.3 i
Cost/KKg of Waste 30.5 30.5
Treatment/Disposal Technology
Level I Incineration with additional fuel

Level II Same as Level I
Level III Same as Level I

Source: Foster D. Snell, Inc., analysis of interviews and literature data.




The cost elements are:

Drum storage: Each drum contains about 200Kg

(450 1lbs.) of material. Thus, 5 drums are required
per ton of product; that is, 4,500 drums per year.

‘The costs are estimated at $3.25 per drum, covering
the cost of the drum, the handling and the value

of the storage space. Thus, the cost is estimated

at $16.25 per ton or about $15,000 per year.

Incineration: 1In this example, the stream to be
incinerated represents 5% of the capacity of the
incinerating system. Therefore, a capacity of
18,000 KKg of incineration per year 1is required.
The costs are allocated back on the basis of 5%
utilization of the capacity. The cost of the
required incinerator is estimated at a total of
$4,000 000. It requires four-man operation and
one supervisor. Total labor costs: $85,000.
Auxiliary fuel required is estimated at 5 barrels
per day. Maintenance (at 1% of installation)
costs $40,000 per vear. The fuel costs would
thus be about $12,000 per year. The share borne
by the incineration of the subject stream is
given in the following table. :

Table II-56 == Incineration Costs In Phenolics Production

Investment ($4,000,000 x 0 05) $200,000
Cost of capital ($200,000 x 0.16) 32,000
Operating cost ($125,000 x 0.05) 6,250
Fuel cost ($12,000 x 0.05) 600

Total $238,850

Proprietary Technology Development: The technology
for this level is reported under development. Costs

and other data are highly proprietary. It should,
however, present a substantial economic advantage

over present practice.
Costs are summarized in Table II-57.

6.2.3 Costs Of Treatment And Disposal Of Still Bottoms In
A SBR Plant

All that is required for the environmentally adequate
disposal of this waste is the existence of a large enough
pool of mixed material to be burned (incinerated) so that
the flame adjustment does not have to be changed frequently.
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TABLE II-57

PHENOLICS PRODUCTION: TYPICAL PLANT
'DISPOSAL COSTS FOR POTENTIALLY HAZARDOUS SOLID AND
SEMI-SOLID WASTES -~ SIC 2821

Typical Plant Production Rate Location Process

Phenolic Resins 15 KKKg/yr. Eastern U.S. Condensation
Identification of Amount To
Waste Stream X Composition Form Treatment/Disposal
Solid sediments from Varying amounts Putty like 900 KKg/yr.
realtor condensate of products sol- substance

vents and water

Dollars (1974)

T/D Level Level I Level IT Level III
Technology ‘ 1 1 :
Investment Costs
Land - -
Other - 200,000
Total Investment - 200,000
Annual Costs No technology cur-
Cost of Capital 32,000 rently available
Operating Costs _ , 15,000 6,250
Energy and Power - 600
Contractor - -
Total Annual Costs 15,000 38,850
Cost/KKg of Product 1.0 2.59
Cost/KKg of Waste le. 43,2

Treatment/Disposal Technology

Level I Drum storage
- Level ‘II Incineration together with other materials
Level III None available

. Source: Foster D. Snell, Inc., analysis of interviews and literature data.
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The cost elements are:

The average plant may have to burn about 5.6 Kg of
still bottoms per 1,000 Kg of product. With a
production of 60.4 KKKg per year, this represents
about 200,000 Kg of product per day or 1,000-1,500
Kg of still bottoms. This is 1,500 liters per day
(400 gallons per day) or almost 8 drums.

The required incinerator is comparatively very small.
The cost is about $50,000 installed. It requires
less than 1/4 man-day for operations. No significant
auxiliary fuel is required and less than $1,000 per
year of maintenance .is necessary.:

It is to be noted that in real life this would not
necesszrily be the case. The stream could in fact be

disposed of:
- As auxiliary boiler fuel

- As a small part of a much larger feed stream
to a centralized facility.

The costs presented here are illustrative and are
summarized in Table II-58.

6.2.4 Costs Of Treatment And Disposal Of Still Bottoms In
A Polystyrene Plant

The still bottom produced in this operation is
substantially similar to that for the SBR plant previously
described. The production of still bottoms is about 10 Kg/
KKg of product. The production is about 56 KKKg per
year and about 560 KKg of still bottoms are produced. This
requires an incinerator of about the same capacity as for
the previous plant. However, it is assumed that it will
be operated about twice as long. To account for this
difference (two shifts/5 days per week instead of one shift),
the labor requirements are estimated at 1/2 man-year and
the maintenance costs increased to $1,500 per year.

The costs are summarized in Table II-509.

6.2.5 Costs Of Treatment And Disposal Of Still Bottoms In
ABS-SAN Plant

The equipment requirements and costs are the same
as for the previously described plant. The typical plant
produces 130 KKKg of resin per year and disposes of 650
KKg of still bottoms per year. The equipment, operating
and maintenance costs should be about the same as for the
polystyrene plants. The unit costs reflect the small
difference in actual production volume and quantity of
wastes generated.

V.2 costs are summarized in Table II-60.
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TABLE II-58

STYRENE BUTADIENE RUBBER: TYPICAL PLANT
DISPOSAL COSTS FOR POTENTIALLY HAZARDOUS STILL
BOTTOMS -- SIC 2822

Typical Plant Production Rate Location Process
Styrene butadiene rubber 60.4 KKKg/yr. Gulf Coast Polymerization

50% solution 50%
emulsion

Identification of Amount To
Waste Stream Composition Form Treatment/Disposal
Still bottoms from Organics Liquid 362.4 KXg/yr.
monomer and solvent Aromatics
recovery

Dollars(1974)
T/D Level Level I Level II Level III
Technology 1 1
Investment Costs

Land negligible negligible negligible

Other 50,000 50,000 50,000

Total Investment 50,000 50,000 50,000
Annual Costs

Cost of Capital 8,000 8,000 8,000

Operating Costs 5,000 5,000 5,000

Energy and Power negligible negligible negligible

Contractor - - -

Total Annual Costs 13,000 13,000 13,000
Cost/KKg of Product 0.22 0.22 1 0.22
Cost/KKg of Waste 35.9 35.9 35.9
Treatment/Disposal Technology
Level I Controlled incineration

Level II Controlled incineration
Level III " Controlled incineration

Source: Foster D. Snell, Inc., analysis of interviews and literature data.
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TABLE II-59

POLYSTYRENE: TYPICAL PLANT DISPOSAL COSTS FOR
POTENTIALLY HAZARDOUS STILL BOTTOMS --

SIC 2821
Typical Plant Production Rate Location Process
Polystyrene 55.9 KKXg/yr. Ohio Polymerization
Identification of . Amount To
Waste Stream Composition Form : Treatment/Disposal
Still bottoms Organics Liquid 559 KKg/yr.
Aromatics
Dollars(1974)
T/D Level Level I Level II Level III
Technology 1 1
Investment Costs
Land negligible " negligible negligible
Other 50,000 50,000 50,000
Total Investment . 50,000 50,000 50,000
Annual Costs
Cost of Capital 8,000 : 8,000 8,000
Operating Costs 9,000 9,000 9,000
Energy and Power negligible negligible negligible
Contractor - - -
Total Annual Costs 17,000 17,000 17,000
Cost/KKg of Product 0.30 0.30 0.30
Cost/KKg of Waste 30.4 30.4 30.4

Treatment/Disposal Technology

Level I Controlled incineration
Level II Controlled incineration
Level III Controlled incineration

Source: Foster D. Snell, Inc., analysis of interviews and literature data.
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ABS-SAN RESINS:

TABLE II-60

TYPICAL PLANT DISPOSAL COsTS

FOR POTENTIALLY HAZARDOUS STILL BOTTOMS

-- SIC 2821
Typical Plant Production Rate Location Process
ABS-SAN 130 KKKg/yr. Ohio Polymerization
Identification of Amount To
Waste Stream Composition Form Treatment/Disposal
Still bottoms Aromatics and Liquid 650 KKg/yr.
other Organics
Dollars (1974)

T/D Level Level I Level IT Level III
Technology 1 : 1
Investment Costs

Land - -

Other 50,000 50,000 50,000

Total Investment 50,000 50, 000 50,000
Annual Costs

Cost of Capital 8,000 8,000 8,000

Operating Costs 9,000 9,000 9,000

Energy and Power negligible negligible negligible

Contractor - - -

Total Annual Costs 17,000 17,000 17,000
Cost/KKg of Product 0.13 0.13 0.13
Cost/KKg of Waste 26.1 26.1 26.1

Treatment/Disposal Technology

Level I
Level II

Controlled incineration
Controlled incineration

Level III Controlled incineration

Source;
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6.2.6 Cost Of Treatment And Disposal Of Still Bottoms In
A Polyproplyene Plant

Here again the costs presented are illustrative. At
an integrated production site, for instance, it was found
that the incinerator used for the liquid organic wastes
had a capacity of 6,500 KKg per year; had cost $3,200,000
(1974 dollars); and had an operating cost (excluding ‘capital
cost of $160,000 per year. Thus, in the terms of this
study, it had an annual cost of $672,000 per year. With
the average polypropylene installation used for this study,
933 KKg of still bottoms would be produced by the
polypropylene unit. The prorated costs would then be
about $96,000 for this particular site. It is to be noted
that, of these costs, $62,000 are costs of capital, as
computed for this study. These figures differ considerably
from those which were allocated to the polypropylene stream
at that location.

Should an installation be provided for the estimated
still bottom stream of 933 KKg per year, it is estimated that
a comparatively small burner--3,000 Kg per day or, say,
$3,000 per day (150 gallons)--could be used. A unit of
this type would probably cost about $75,000. Given 1/2
man-year of operation and about $1,500 per year of
maintenance, the operating cost would be about $9,000
per year. The cost of capital would be $12,000, and the

total annualized costs would be $21,000.
. These costs are summarized in Table II-61.

6.2.7 Cost Of Treatment And Disposal Of Still Bottoms In
A Polybutadiene Plant

Again, the polybutadiene production facility would
in reality be part of a large production complex of which
it would constitute only one unit; it would share feed-
stock and services with the other utilities.

However, in this case, the extreme smallness of the
still bottom stream, estimated at only 4.8 KKg per year,
would permit another solution.

Such a small stream cannot justify the installation
of an incinerator in the hypothetical case of a single
standing plant. 1In this case the practice would be to
contract the incineration. 1In another study, currently
being performed for the EPA, Foster D. Snell has obtained
data indicating an average national cost of $0.12-0.15
per gallon for contract incineration of combustible
ligquid waste. This averages to about $50 per KKg of
waste and is the basis of the costs presented in Table
I1-62.
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TABLE II-6]

POLYPROPYLENE: TYPICAL PLANT DISPOSAL COSTS
FOR POTENTIALLY HAZARDOUS STILL BOTTOMS
-- SICS 2821 and 2824

Cost/KKg of Waste

Typical Plant Production Rate Location Process
Polypropylene 93.3 KKXg/yr. Texas Polymerization
Identification of Amount To
Waste Stream Composition Form Treatment/Disposal
Still bottoms Organics Liquid 933 KKg/yr.
Aliphatics
Dollars(1974)
T/D Level Level I Level II Level III
Technology 1 1
Investment Costs
Land negligible negligible negligible
Other 75,000 75,000 75,000
Total Investment 75,000 75,000 75,000
Annual Costs
Cost of Capital 12,000 12,000 12,000
Operating Costs 9,000 9,000 9,000
Energy and Power - - -
Contractor - - -
Total Annual Costs 21,000 21,000 21,000
Cost/KKg of Product 0.22 0.22 0.22
22.0 22.0 22.0

Treatment/Disposal Technology

Level I

Controlled incineration

Level II Controlled incineration
Level III Controlled incineration

Source: Foster D. Snell, Inc., analysis of interviews and literature data.




TABLE II-62

POLYBUTADIENE: TYPICAL PLANT DISPOSAL COSTS
FOR POTENTIALLY HAZARDOUS STILL BOTTOMS

-~ SIC 2822
Typical Plant Production Rate Location Process
Polybutadiene 47.7 KKKg/vyr. Texas Polymerization
Identification of _ ’ Amount To
Waste Stream Composition Form Treatment/Disposal
Still bottoms Organics Liquid 4.8 KKg/yr.
Aliphatics
Dollars(1974)

T/D Level Level I Level II Level III
Technology 1 1
Investment Costs

Land - - -

Other - -

Total Investment - - -
Annual Costs

Cost of Capital - - -

Operating Costs - - -

Energy and Power - - -

Contractor 250 250 250

Total Annual Costs - - -
Cost/KKg of Product 0.05 0.05 0.05
Cost/KKg of Waste 50 50 50

Treatment/Disposal Technology

Level I, II, III - Contract incineration (controlled)

Source: Foster D. Snell, Inc., analysis of interviews and literature data.
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6.2.8 Costs Of Treatment And Disposal Of Sludge Containing
Zinc In A Rayon Plant

In the United States six plants manufacture rayon.
The typical plant produces 60 KKKg (132,000,000 1bs.)
per year. Such a plant has to dispose of 12,000 KKg
(26,400,000 1bs.) of zinc containing sludge per year.
This represents about 10,000 m3 (13,000 cu. yds.) of
sludge per year.

This sludge contains about 10% zinc hydroxide; that
is, 1,200 KKg (2,640,000 lbs.)

The cost elements are:

Level I. This technology consists of disposal to
secured landfill. The operating costs for a secured
landfill at a typical production site amount to

- Labor: $1,500/1000 m3
- Fuel: $500/100 m3

The investment for a secured landfill, exclusive of
land, is estimated at $125,000 per 10,000 m2 ($50,000/
acre). This includes excavation, drainage, test wells
and a prorated volume as utilized for the sludge.

The yearly land requirement is 2,000 m2 (0.5 acre).
The landfill site is assumed to be prepared for a
10-year capacity. Thus, a land area of 20,000 m2

(5. acres) is required. The land value is estimated
at $12,500 per 10,000 m? ($5,000/acre). The cost of
disposal estimated by this method is given in the
following table.

Table II-63 -- Level I Disposal Costs In Rayon
Production

Investment costs

Land (20,000 m? @ $1.25/m2) $ 25,000
Other (20,000 m2 @ $12.5/m2) 250,000

Total $275,000

Annual costs

Capital costs ($275,000 x 0.16) $ 44,000
Operating costs ($2,000 @ $1.50) 3,000
Fuel costs ($2,000 @ $0.50) 1,000

Total §$ 48,000




Level II. This involves the installation of a zinc
recovery unit.

The cost of such a unit treating 20,000 m3 per year
is reported to be $2,750,000.

Using the convential engineering scaling factor,
0.6 power of the size, the cost of a recovery plant
treating 10,000 m3 of sludge per year is estimated
at $1,800,000.

The operating costs of the 20,000 m3 per year unit

are reported to be $125,000 per year. These represent
mostly labor costs. Thus, the cost of operating the
smaller plant is estimated at $100,000. The energy
costs are considered to be almost $2,000 per year.

The costs of operating the recovery unit are summarized
in the following table.

Table II-64 -- Level 1II Operating Costs For Zinc Recovery
Unit In Rayon Production
Investment costs Negligible
Other $1,800,000
Total $1,800,000

Annual costs

Capital costs ($1,800,000 x 0.16) $ 288,000

Operating costs 100,000
Fuel 2,000
Total ~ § 390,000

However, the plant recovers the zinc chloride.
The net value of the material thus recovered
(after deduction of the cost of the required
hydrochloric acid and adjustment for 90% yield
of recovery) is estimated at $1,100,000.

The process is reported to reduce the volume
of sludge to 1/3 the original. Therefore, the
disposal of 3,300 m3 per year has to be taken
into account.

Based on the same assumptions and estimates as

used with regard to Level I disposal, the cost

of disposing of this sludge is estimated in the
following table.
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Table II-65 -- Level II Disposal Costs In Rayon
Production .

Investment costs
Land (7,000 m? @ $1.25/m?2) $ 9,000
Other (7,000 m? @ $12.5/m?) 88,000
Total $ 97,000
Annual costs

Capital costs (1,897,000 x 0.16) $303,000

Operating costs 101,050
Fuel 2,350

Total $406,400

The operation thus appears to achieve a net
operating profit of about $700,000 per vyear.

Level III. Since both Level I and Level II
technologies are considered environmentally
adequate, they each represent Level III
technologies. Therefore, Level III-technology 1
is estimated to be the same as Level I and

Level III-technology 2 is the same as Level II.

All the cost data are summarized in Table II-66.

6.2.9 Costs Of Treatment And Disposal Of Zinc Containing
Sludge In Acrylic And Modacrylic Plants

The typical acrylic/modacrylic processing plant has
a production level of 130 KKKg (290,000,000 lbs.) per
year. It produces about 26,000 KKg of zinc containing
sludges. This represents about 24,000 m3 (31,000 cu. yds.)
per year.

This sludge contains about 5% of zinc hydroxide.
This would represent about 1,300 KKg per vyear.

The disposal of this sludge is identical to

disposal methods practiced in the rayon plant, as
described in the preceeding sub-sections.
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RAYON:

TABLE II-66

TYPICAL PLANT DISPOSAIL COSTS FOR

ZINC CONTAMINATED SLUDGE -- SIC 2823

Typical Plant Production Rate ‘Location Process
4
Rayon 60 KKKg/yr. South Eastern Viscose
U.S.
Identification of Amount To
Waste Stream Composition Form Treatment/Disposal
Zinc contaminated Water 75% Gel-~like 12,000 KXg/yr
sludge Solids 25%
Zinc Hydroxide 10%
Dollars (1974)
T/D Level Level I Level II Level III
Technology 1 1 1 2
Investment Costs .
Land 25,000 9, 000 25,000 9,000
Other 250,000 1,888,000 250,000 1,888,000
Total Investment 275,000 1,897,000 275,000 1,897,000
Annual Costs
Cost of Capital 44,000 303,000 44,000 303,000
Operating Costs 3,000 101,000 3,000 101,000
Energy and Power 1,000 2,400 1,000 2,400
Contractor - - - -
Total Annual Costs 48,000 406,400 48,000 406,400
Cost/KKg of Product 0.80 (11.7) (1) 0.80 (11.7) 1)
Cost/KKg of Waste 4.00 (58.3) (1) 4.00 (58.3) (1)

Treatment/Disposal Technology

Level I Secured landfill
Level II Zinc recovery and secure landfill
Level III-1 Same as Level I
Level III-2 Same as Level IT

(1) This figure reflects an additional profit realized from the value of the

recovered zinc chloride.

Source:
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Using the same cost parameters, the following costs
can thus be estimated:

Table II-67 -~ Level I Disposal Costs In Acrylic And

Modacrylic Production

Investment costs

Land

Other

Total

Annual costs

Capital

Labor

Fuel

Total

Level II. Recovery

$ 60,000

600,000

$660,000

$105,600
7,200

2,400

$115,200

It is assumed that the plant reported is designed
to handle 20,000 m3 per year of 10% sludge and is
adequate to handle 24,000 m3 per year of 5% sludge.

It is further assumed that the same sludge volume

reduction 1is encountered.

The value of the recovered zinc chloride is
estimated at $1,220,000 per year. Therefore,

the

recovery costs presented in the following table

result.




Table II-68 -- Level II Total Zinc Recovery Costs In
Acrylic And Modacrylic Production

Investment costs

Land $ 20,000
Other 2,950,000 *
Total $2,970,000

Annual costs

Capital costs $ 475,000
Operating costs 125,000
Energy costs 3,000

Total $ 603,000

There is a net operating profit of $617,000. .
The cost figures are summarized in Table IT-69.
6.3 Costs Of Disposal Of Potentially Hazardous Wastes Affecting

The Various Segments Of The Plastic Materials And Synthetics
Industry, SIC 282

The costs data developed for the various individual products
in the previous sections are summarized for the relevant segments
of the Plastic Materials and Synthetics Industry and presented in
Table II-70. .

The costs are in turn expressed as a percentage of the
value of the products shipped by the segments of the industry
in Table II-71.

However, it must be borne in mind that these figures, for
all their precision, are illustrative. They would be substantially
affected by shifts in the relative importance of the various
products manufactured in each segment of the industry.

Table II-72 presents a synopsis of the findings concerning
the potentially hazardous waste streams, their nature, the
amounts generated annually, the treatment and disposal techno-
logies and the associated costs on a product-by-product basis.

II-202




Typical Plant

Acrylic and Modacrylic

Identification of
Waste Stream

Zinc contaminated

TABLE II-69

ACRYLIC AND MODACRYLIC:
COSTS FOR ZINC CONTAMINATED SLUDGE --
SIC 2824

Production Rate

Location

130 KXg/yr.

Composition

Water 85-90%

South Eastern
U.s.

Form

Gel-like

TYPICAL PLANT DISPOSAL

Process

Wet Spinning

Amount To
Treatment/Disposal

26,000 KKg/yr.

sludge Solids 10-15%
Zinc 5%
Dollars (1974)

T/D Level Level I Level II Level IIT
Technology 1 1 1 2
Investment Costs

Land 60, 000 20,000 60, 000 20,000

Other 600, 000 2,950.000 600,000 2,950,000

Total Investment 660,000 2,970,000 660, 000 2,970,000
Annual Costs

Cost of Capital 105,600 475,000 105,600 475,000

Operating Costs 7,200 125,000 7,200 125,000

Energy and Fower 2,400 3,000 2,400 3,000

Contractor - - - -

Total Annual Costs 115,200 603,000 115,200 603, 000
Cost/KKg of Product 0.89 (4.75) (1) 0.89 (4.75) (1)
Cost/KKg of Waste 4.43 (23.73) (1) 4.43 (23.73) (1)

Treatment/Disposal Technology

Level I

Level II Recovery

Level III-1 Same as Level I
Level III-2 Same as Level II

(1) This represents a net operatin

zinc chloride.

Secured landfill

g profit due to the values of the recovered

Source: Foster D. Snell, Inc., analysis of interviews and literature data.
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